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The Plan 


Practical men, thru long experience, have discovered 
successful methods of organizing, directing, controlling, and 
carrying on the varied activities of business. . 

The principles underlying these successful methods have 
now been determined, verified by investigation in every 
phase of business practice, organized, and so presented and 
illustrated by the LaSalle Problem Method that they can be 
quickly grasped and readily applied by everyone in business. 

This plan affords a complete executive training to those 
desiring it, while to those experienced in management it sup- 
plies a valuable reference and consultation service. The 
complete Training Plan and Service includes: 

100 Executive Manuals (bound in 48 volumes) which state, 


explain, and illustrate the fundamental business principles 
as applied in actual business practice. 


100 Special Problems selected from a wide range of busi- 
ness experience and so organized that their solution develops 
greater ability in the practical application of fundamental 
principles. 

Instruction and Consultation Service given by men 
whose special training and business experience enable them 
to supply personal help and individual counsel and advice. 
100 Executive Reports which analyze the situation as 
presented in each Special Problem, clearly illustrate the 
application of the principles involved, and serve, as general 
reference reports. 

Confidential Reports on personal business rsroblems pre- 
pared by the Research Staff of LaSalle Extens‘on University. 
24 Lectures selected by individual choice from a broad 
series covering selling, accounting, banking, retail mer- 
chandising, etc. 

A Monthly Business Bulletin which qnalyzes the current 
trend of business conditions. 

Personal Efficiency, a monthly mag~yzine of better business. 


































To assist you in getting the utmost personal benefit that 
a full utilization of this Plan makes possible, the Instruction, 
Consultation and Research Staffs of the entire University are 


available at all times. 
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PLANTS AND EQUIPMENT 
Part I 
ORGANIZING PLANT AND EQUIPMENT 


N THE first part of Executive Manual 34 we con- 
I sidered the organization of men and functions. Here, 
~~ In Executive Manual 35, we shall consider the organ- 
ization of the plant and its equipment. 

Attaining low-cost production is obviously dependent 
upon having a well-organized plant, in its arrangement 
and equipment, as well as upon having a well-organized 
personnel. Yet the importance of organized arrange- 
ment and equipment is sometimes overlooked. 


The president of a large company insisted that the 
handwriting of every worker be smooth and legible. 
Scratchy pen points were never to be used. But this 
executive’s interest in practical equipment did not extend 
much further than pen points! His filing equipment, for 
example, was obsolete and poorly arranged. Lack of 
organized arrangement of equipment in general cost his 
company thousands of dollars each year, which could 
have been added to net profits had the same kind of at- 
tention he gave to pen points been extended to all his 
office equipment. It is well, in every business, to recog- 
nize the fact that— 

Buildings and their layout and equipment are the 
tools of the businesses which they serve, and should 
be organized with as much care as are the human 
forces of business and industry. 

The advancement that has been made in organizing 
industrial-plant equipment is noteworthy. The indus- 
trial engineer has learned many practical lessons which . 
can be taken advantage of in handling any management 
problem. Industrial-engineering principles can readily be 
applied m the store and the office, as well as in the manu- 
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facturing plant, to make the layout and equipment more 
efficient tools for the executives and the men. Better 
lighting, for example, will increase office efficiency as well 
as shop efficiency; and industrial engineering has gone 
far in solving the problem of having the best possible 
light for the men. 

As we analyze the problem of industrial-plant arrange- 
ment and equipment, let us keep in mind the broad 
application of the principles uncovered. Much of our 
training for executive work will come from being con- 
stantly on the alert to see how the basic principles evolved 
apply in our homes, our churches, our lodges, and our 
other interests, as well as in our businesses. 


The Industrial Engineer’s Work. Many successful indus- 
tries had their beginnings in rented quarters or in small 
buildings which were not planned with any particular 
care concerning the kind of work to be done in them. As 
these industries grew and analyses were made of the costs 
of production, it-became evident that the influence of the 
design and arrangement of the buildings, departments, 
and equipment on the costs of production was important. 

Realization of the importance of having well-organized 
arrangement and equipment has led many manufacturers 
to spend much money and time in making careful lay- 
outs of their industrial plants for the purpose of improv- 
ing the present arrangement and providing for efficient 
layouts of future extensions and new plants. 

Improvement along any line comes after recognition 
of the advantage to be gained by improvement along 
that line. 

Recognition of the importance of certain problems has 
led industrial engineers to specialize on the solution of 
those problems in particular. Some of them act as de- 
signers, and others as designers and contractors, making 
a specialty of plant layout, design, equipment; and some- 
times they specialize on starting the operation of new 
industrial plants. These men have learned to apply cer- 
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tain principles that underlie success in their special fields, 
and they have, thru practical experience, developed in- 
genuity in applying these principles under varied con- 
ditions. 

Let us now study the plant-layout problem as analyzed 
by the industrial engineer. 


PLANNING THE LAYOUT 


The controlling influences in designing and arranging 
an industrial plant are: 

1. The processes or operations thru which the work 

must go. 

2. The service equipment required to facilitate the 

handling of the work. 

The selection of machinery and other service equip- 
ment is obviously determined by the processes thru which 
the material must go. The departmental arrangement | 
and general layout, as well as the routing of the work, 
depend also on these processes. 


The Use of a Process Map. As a first step in layout, a 
process map is necessary. This is simply a diagram 
which clearly visualizes all the main processes in operat- 
ing a plant. 

Figure 1 shows the process map of a flour mill—an 
example of analytic manufacture in which wheat is 
broken up into flour and such by-products as feed and 
grits. Figure 2 shows how this process map becomes a 
guide for the layout of a flour mill. 

Figure 3 is the process map of a cement mill, a syn- 
thetic industry in which three ingredients—clay, lime- 
stone, and the coal used to burn the mixture—are com- 
bined to produce cement. This map gives a basis for the 
plant layout. 

All three ingredients are to be stored, and it is gen- 
erally more efficient to store each separately, where it is 
most convenient to the next step in its processing, rather 
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than to plan for general raw-material storage bins. So 
with the grinding equipment. Usually it will prove 
advantageous to have four sets of grinding equipment, 
one for each grinding process, not only because these 
grinders vary somewhat in type, but also because the 
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Figures 1 and 2, These figures show how the layout of a flour mill 
is based upon a process map of this analytic industry. 
material can in this way flow readily from one step in 
the manufacturing process to the next. The main point 

to remember is that— 
To get the most advantageous arrangement of build- 
ings, rooms, and operating departments, we must 
first of all map the processes. 

Using a General Process Map. Preliminary general 
process maps are made by listing only the general opera- 
tions of the industry. If these operations are all consecu- 
tive—one following the other in point of time—we list 
them all in one column. If some are simultaneous—car- 
ried on at the same time—there will be several parallel 
columns. This is illustrated in the process analysis of 
cement manufacture (Figure 3). 
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Then we can decide, from our knowledge of the proc- 
esses, which of them require separate buildings and 
which can be housed together, and also which processes 
must be on the ground floor and which may be on the 
upper floors. For example, it is easy to decide that the 


Dredge clay Mine coal 
Industrial R.R. Cable conveyor R. R. freight 


Processes in 
the Manufacture 
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Figure 3. A process map of a cement mill, a synthetic industry, which 
will serve as a basis for a plant layout. 
blacksmith’s department with its dust and fumes must 
be in a separate building from the machine work on the 
metal parts, and that large boilers must be assembled on 

the ground floor. 

We can see how a rough sketch of the general layout 
of a building can be made by reference to a process map, 
as indicated in Figure 2, which shows the layout of a 
flour mill made by following the process map shown in 
Figure 1. 
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The various principal processes and the paths for the 
flow of materials, supplies, and work in process, as well 
as of by-products and waste, if any, can be indicated 
in colored crayons or colored inks. Next comes the prob- 
lem of routing parts and material. 


Routing Individual Parts and Classes of Material. Rout- 
ing is different from process mapping in that it traces the 
pach of a single part or class of material. Making a 
process map for an automobile factory, for example, is an 
entirely different task from routing a crank case from one 
operation to the next. To route the making of a crank 
case, we inspect the blue-print design of the crank case 
and list the separate operations to be done. 

Process mapping is diagraming or outlining a bird’s-eye 
survey of the larger flows of work in process; while rout- 
ing comprises the eddies and currents and cross currents 
—the details of the larger flows of work in process. 

A well-organized system of routing and a set of rout- 
ing records covering all the detailed processes may also 
be diagramed in map form. These records form the basis 
for the list of needed equipment. But in starting a new 
plant, such records are not always available; then the 
experience and judgment of the men in charge of the 
production end of the enterprise form the only basis both 
for process mapping and for detailed routing. 

Figure 4 is a typical routing card. Note that it gives 
the operations to be performed on one part, and the time 
required for each. The industrial engineer knows Just 
what machine tools are needed to do each operation. He 
also knows how many of each’ part must be made and 
can compute just how many machine-tool hours are re- 
quired in turning out that number of these parts. From 
all the routing cards of all other parts which require an 
operation on the same type of lathe, he can determine the 
total machine-tool hours of work which will have to be 
done on a certain type of lathe. From this it is easy to 
compute the number of lathes required. . 
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In the same way, the operations to be performed on all 
other machines are examined and the total machine-tool 
hours computed. The industrial engineer thus can pro- 
ceed with certainty in planning his department layouts, 
for he knows what equipment must be purchased and 
what space must be provided for all the operations. 


The Arrangement of Machinery and Fixtures. We have 
just seen how to determine the number of units of ma- 
chines or devices required for each detailed process, by 
estimating the time required to process each part. In 
providing machinery to turn out the parts needed for a 
- given output in a given time, we can also be guided by 
the number of units and the capacity for a given output 
as used in similar establishments elsewhere, if outside 
information of this kind is available. 


We next investigate the floor area required by each 
processing machine or device; also the space required 
around it for operators and storage. 

It is desirable to take large sheets of drawing paper, 
one for each department, and indicate roughly the prob- 
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Figure 4. A routing card on which are listed in order all the mac}ine- 
shop operations required to process a bearing box used on engines 
manufactured by this company. 
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able routes of material, parts, and supplies, as well as, 
by-products and waste, thru each department. On each 
sheet, we plan the arrangement of the needed processing 
machinery in one department; we also provide the neces- 
sary space for handwork operations.’ 

We must also allow room for free transportation by 
truck, wheelbarrow, industrial railway, or crane, as well 
as room for probable expansion. If there is any likeli- 
hood of such expansion, and if any floor space is avail- 
able for expansion, we provide for placing of additional 
future processing units in desirable locations. 


Principles of Machine Arrangement. In arranging the- 
locations and the positions of the various machines, two 
principles must be observed. The first is that— 


Machines and other equipment should be so placed 
that the materials and parts in process travel as short 
a distance as practical between each operation and 
the next. 


This principle may seem too obvious to mention, but its 
application is an extremely important factor in attaining 
low-cost production. The actual placing of a machine is 
almost always somewhat of a compromise in which such 
factors as the presence of already installed equipment, 
the location of walls, the direction in which the light falls, 
the position of the drive shafting, and so on, must all be 
considered. Care must be taken not to give any one of 
these factors more weight than it deserves. Efficiency in 
production is continuously cut down by costly handlings 
of material or parts in process. The second principle, of 
general application, is that— 


Work of the same character should, so far as prac- 
tical, be handled in one department. 


£ 


The advantages in applying this principle, from the 
sti.ndpoint of supervision and of efficient use of machines, 
are obvious. The difficulty is that the foregoing principle 
of minimum travel often runs counter to this principle. 
The decision in such cases calls for a careful weighing of 
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the pro’s and con’s—in order to determine the “so far as 
practical” clause in the second principle. 

It may not be practical, for example, to have all the 
machinery used for making shafting in the machine shop. 
A power cut-off saw might often be profitably installed 
in the stores department to cut shafting to the required 
lengths and insure that all odd lengths are used up as 
rapidly as possible. 

_ In general, it may be said that the ingenuity, the prac- 

tical experience, and the good common sense of a plant 
executive are nowhere called upon to a greater extent 
than in arranging departments and equipment. 

In arranging the various machines and fixtures, it is 
convenient to cut out forms, or templates, to scale, accord- 
ing to the floor space occupied by each separate machine 
or fixture. The name of the equipment, the horsepower 
it requires, and the dimensions should be written on the 
templates. These templates are then arranged and rear- 
ranged until the most satisfactory location in the depart- 
ment for each piece of equipment is found. Then the 
templates are fastened with tacks to the paper or board 
representing the department. 


INTERDEPARTMENTAL ARRANGEMENT 

We now have a basis for determining the approximate 
dimensions of the leading operating departments. It is 
desirable to have data from similar establishments, if 
available, as a check. We can cut out templates on a 
smaller scale, each one representing an entire depart- 
ment, and seek to arrange the departments in the most 
advantageous relation to each other so far as processing 
is concerned. 

Here again we apply the minimum-travel principle. 
But before making a final layout, we have to consider 
the space and location requirements of the service de- 
partments and service equipment, such as storerooms, 
receiving and shipping rooms, tool rooms, foremen’s 
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offices, fixtures for the planning department, wash and 
locker rooms, transportation facilities, and so on. Let us 
now take up some of the more important of these service- 
equipment considerations. 


Providing Storerooms. Storage of raw materials, of 
work in process, of finished individual parts, of assembled 
groups, and of completely finished products must be pro- 
vided for by allowing space for such storage wherever it 
is needed. The storerooms require bins, racks, and 
shelves, designed and arranged to make the goods easy 
of access as well as safe against damage and theft, and 
to save floor space. 

Storeroom spaces should be placed to avoid clogging 
the working part of the shop and to avoid loss or 
damage of parts. 

The modern tendency is to provide cribs and caging in 
each department in which to store the work received 
from other departments, also the work at rest between 
operations and while awaiting inspection and removal to 
the next department. 

For raw materials and supplies, a central storeroom 
serving all departments is almost universally provided; 
also a central warehouse for storing finished products. 
Recently, however, industrial concerns have begun to 
realize how much material is lost in the shop between 
central stores and warehouse; and, to prevent these 
losses, internal departmental storage cages are coming 
into widespread use. The size of these cages, and the 
size of receiving and finished-goods warehouses as well, 
is decided by consideration of the nature of the material 
or products to be stored and the policies of the company. 


Receiving and Shipping Rooms. The receiving depart- 
ment may be under the same jurisdiction as the pur- 
chasing and stores departments, or it may be under the 
shipping department. In any event, its location is usually 
best determined by considering its functions, irrespective 
of what department it may be under. 
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Regardless of jurisdiction, both receiving and shipping 
rooms must be convenient to the storerooms. Receiving 
will probably have to be nearer the raw-material stores, 


and shipping will have to be nearer the finished-product 
warehouse. 


If many materials received and products shipped are 
delivered by team or motor truck, it is desirable to have 
these departments located where teams can conveniently 
get in, load or unload, turn around, and depart. In case 
there is but one track for carload receipts and shipments, 
this track will have to be accessible to both receiving and 
shipping departments and a clear passageway to it from 
both of these departments will have to be provided. 

If incoming coal and outgoing ashes in carload lots 
constitute a considerable factor, these items will also have 
to be considered in laying out the trackage. Such are 
some of the important considerations in determining the 
location of shipping and receiving space. 


Tool Rooms and Tool Making. Tool storage and delivery 
may require a messenger-boy service, a pneumatic-tube 
service, a cable-driven basket service, or a dumb-waiter 
service, as well as conveniently located storage and deliv- 
ery rooms. Tool making, however, is entirely distinct 
from tool storage, and can usually be located off the main 
path of process travel. 


Providing Foremen’s Offices. A working-gang boss usu- 
ally does not need any office or desk room. But many 
industries, even when provided with a planning depart- 
ment, require that certain foremen have privacy for 
studying blue prints and specifications, and for inter- 
views. 

Where a private office for a foreman serves to promote 
efficiency, space should be provided for it. While clerical 
work in the shop should be avoided so far as possible, yet 
an office, or at least desk room, should be provided for a 
departmental clerk. 
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Planning-Department Fixtures. A planning department 
usually requires room for announcements and _ safety 
bulletins, and for a dispatch board on which is listed the 
jobs to be worked on by each man in a department or 
subdepartment. The floor around this bulletin board 
must be kept clear and preferably fenced off by a railing. 
We shall consider planning boards in Executive Manual 
37, where the matter of control thru planning is covered 
in detail. 


Providing Inspectors’ Quarters. Space will have to be 
allowed for the inspectors as well as benches and appli- 
ances to accommodate as much work in process as is 
likely to accumulate. 

In some establishments the pieces are inspected only 
as they are being turned into the stock room for storing 
finished parts. Under such conditions only one space is 
required for inspectors. In other establishments inspec- 
tion takes place at more frequent intervals and in various 
parts of the shop. In such cases, the inspectors’ quarters 
must be located thruout the shop so as to cause least 
delay in the progress of materials. 


Wash and Locker Rooms. It is best ta distribute the 
wash and locker rooms about the plant instead of con- 
centrating them in one location. This conserves the time 
of employes who use them during working hours. In ar- 
ranging the departmental layouts, spaces must be pro- 
vided for such rooms in convenient locations; and, of 
course, spaces must be provided for all the other service 
departments that have just been discussed. 


Space for Transportation. We must allow room for the 
easy passage of trucks as well as a storage room for trucks 
not in use. We must also provide for modern “elevating” 
types of trucks loaded with material. 

Aisles of ample width should be plainly marked on 
the floors, and the operating departments must not be 
allowed to infringe on this aisle space. If industrial rail- 
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ways (small railways inside the plant and its grounds) 
are to be used, space must be allowed for tracks and turn- 
tables. Room must’ also be allowed for trolley systems, 
hoists, and overhead cranes, if it is found that they are 
required. 


The location of transportation facilities usually has 
much influence on the location of the other equipment. 


Apparatus to Secure Correct Air Conditions. All appara- 
tus used for heating, ventilating, humidifying, or air 
washing is entirely too important an economic factor in 
production to be left to the decision of an inexperienced 
architect or to a local pipe-fitting contractor. Unless 
there is experienced engineering skill available among the 
executives or employes in handling this problem of secur- 
ing the correct air conditions thruout the plant, this mat- 
ter, as well as the entire specifications for the factory 
building, should be turned over to an experienced indus- 
trial engineer. 

The relative importance of service equipment of any 
kind as a factor in the efficiency of the operation of 
a business, largely determines the need for special 
skill applied to its specifications and installation. 

Consider, for example, the heating equipment. Com- 
mercial and industrial heating is done almost entirely by 
steam or hot water from a central heating plant. It is 
called direct radiation when the pipes containing steam 
or hot water run into the rooms and spaces to be heated. 
Where direct radiation is used in factories, the circulation 
of the steam and condensed water should be forced by 
other means than gravity, because the long distances 
traveled usually interfere with the success of the gravity 
return system. 

Also, where direct radiation is used, a foul-air exhaust 
system should be arranged to remove the vitiated air at 
a proper rate. Such a system consists of ventilating 
flues in the walls connected with suction fans of required 
capacity. 
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Obviously, special skill is needed in working out the 
specifications and supervising the installation of a direct- 
heating system, largely because of the great importance 
of having the right kind of air of the right temperature. 


Advantages of Hot-Blast System. An industrial engineer 
may recommend the hot-blast system, because, from a 
hygienic standpoint, it has advantages that often make 
it well worth the slight additional cost over installation 
of a direct-radiation system. 


The hot-blast system forces fresh, warm air from a 
hot-air flue. This air penetrates in all directions and is 
better circulated than air heated by direct radiation, even 
when direct radiation is supplemented by foul-air ducts 
and an exhaust fan. Ventilating ducts and exhaust fans 
are also used in connection with the hot-blast system. 

The greatest advantage of the hot-blast system, how- 
ever, and one appreciated only within recent years, is the 
fact that it controls not only the temperature of the air 
but also its humidity. The lassitude or drowsiness of 
workers confined in buildings has been found to be largely 
due to the dryness and heat of the air. 

Dry air demands a higher temperature for physical 
comfort. Air at proper humidity and at a temperature of 
63 degrees Fahrenheit is as comfortable as dry air at 70 
degrees. Hence, we can save coal and insure freedom 
from colds and catarrhal trouble by humidifying our air. 

Humidifying or spraying apparatus is now generally 
sold by manufacturers of mechanical heating appliances, 
and it adds so much to the efficiency of the workers that 
nearly all progressive industrial establishments include 
it in their service equipment. 

Healthier employes mean more contented employes 
and larger output per day. Money spent in providing 
equipment for conserving the health of employes is, 
as a rule, wisely invested. 

The only way in which heating and ventilating appa- 
ratus affects the arrangement problem is in the matter of 
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advantageously locating radiators and registers or ducts 
where they will be out of the way. In the case of the 
hot-blast system, the air should not blow directly on 
workers, but it should rebound from surfaces that would 
otherwise be cold, such as an outside wall. 


Providing Good Light. Provision should be made for 
having daylight as abundant as possible. This problem 
of having good light is so important in some cases that 
the entire outside walls are made up of windows and the 
outside surface of near-by walls is whitened so as to give 
a maximum of light. 

Where the light must penetrate more than twenty or 
twenty-five feet into floors having a height of only ten 
or twelve feet, it is desirable to deflect and diffuse the 
light rays farther inside by the use of prismatic-glass 
panes in the upper sections of the windows. Where a 
building has two or more floors and the floors are more 
than sixty feet wide, it may be necessary to use some 
artificial lighting in the daytime. In single-floor build- 
ings, or on the top floor of multifloor buildings, and 
where the floor is more than fifty feet wide, the saw- 
tooth roof, with northerly exposure of glass in the roof, 
gives good daylight illumination. 

The position of windows has considerable influence in 
determining the positions of the equipment. 

Machines, benches, desks, and all working equipment 
and working positions should be planned so that at 
least as much light comes over the worker’s left 
shoulder as from any other direction. 

When this rule is followed there will be few, if any, 
disturbing shadows on the working surface and no re- 
flected gleams to dazzle and partly blind the operators. 
It is also well to remember that— 

There must be no sources of light of high intensity 
in the worker’s natural field of vision. 

When the worker has a bright light in front of him, his 
eyes accommodate themselves to it. The working sur- 
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face before him may be well illuminated, but he will see 
it with eyes partly dimmed. Eyestrain, imperfect work, 
and headaches are some of the penalties of intense light. 


Where space and other considerations force us to put 
some workers where lighting conditions are not favorable, 
the work which requires the most continuous use of the 
eyes should receive the preferred location. Artificial 
lights, shades, and screens should be provided to make 
all the other locations as well lighted as possible. 


Light for Different Uses. Ordinary illumination for 
rough work demands an intensity of light of not less than . 
one foot-candle, which means the amount of light that 
would be given on a sheet of paper a foot distant from a 
standard candle. For reading purposes, an intensity of 
four foot-candles is required, and for accurate machine 
work, six foot-candles. These amounts of illumination 
are required at the working surfaces. 


Intensity of light is measured by a photometer, an in- 
strument which can be purchased or borrowed from any 
large electric-fixture company or lighting plant. Most 
lighting companies have illuminating engineers whose 
services are offered free of charge to all the company’s 
customers. 


For offices, reflected light, or the “indirect” type of 
electrolier, presenting an opaque or translucent surface 
to the eye and reflecting the light to a diffusing ceiling, 
is favored. For shops, deep, white-lined reflectors are 
used. For storerooms, flat distributing reflectors are used. 

The spacing of the lights and their height from the 
floor and below the reflecting ceiling must be determined 
by calculation. Unless level reflecting surfaces are pro- 
vided, the full indirect reflecting system cannot be used ; 
instead, a translucent glass is used under the electrolier. 
This is known as the semi-indirect system. 


The unprotected glaring filament is obsolete so far as 
intelligent illumination is concerned. It is a source of 
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eyestrain and fatigue which materially interferes with 
efficiency of production, and has been superseded in the 


shop by the bowl type of white-enameled reflector which 
hides the lamp. 


Power Plant and Power Transmission. Power for run- 
ning machinery is of predominant importance in many 
industries. It must here receive some attention as re- 
lated to departmental layouts. 

Consideration of power plant and transmission—the 
power required in each department or for the plant as a 
whole—logically comes after the power required for hght 
and for fans as well as for machine tools has been deter- 
mined. 

When belt or rope drives direct from the engine to a 
series of line shafts were the rule, the layout had to con- 
sider the position of these shafts and the engine had to 
be located to give minimum shaft lengths. Inefficient ar- 
rangement of many of the older plants reflects the influ- 
ence of line-shaft-drive requirements. 

Electric drive has no such limitations. The power 
house can be located wherever power can be generated 
most efficiently. If individual motor drive is used for 
each unit of machinery, machines can be set without 
reference to drive requirements; if group drive is used 
(one motor for a group of machines), the motor-driven 
shafting is, of course, placed to suit the group of ma- 
chines. 

Fire-Prevention, Safety, and Welfare Arrangements. The 
location of fire hose and hose attachments, chemical 
extinguishers, fire escapes, belt guards, and any other 
safety devices taking up space, will have to be taken into 
consideration in the layout. 

Among welfare arrangements, those requiring space are 
hospitals, rest rooms, physician’s office, lunch rooms, 
library, and assembly room. 

Drafting and Designing Space. The drafting and de- 
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signing space must have good daylight and be located as 
nearly as practical at an equal distance from (1) the 
commercial and sales offices, (2) the main planning- 
department office, (3) the pattern and drafting depart- 
ment, and (4) the main inspection office. 


The Commercial Offices. The commercial offices used for 
administrative and supervisional officers should be ar- 
ranged in such a manner that visitors to the purchasing 
department and accounting department, applicants for 
positions, and prospective customers can be directed into 
separate waiting rooms. The internal arrangement of 
the commercial offices should be made the subject of as 
careful a layout as the arrangement of the factory equip- 
ment and production departments. Office arrangement 
will be taken up in detail when we come to the major 
section of this training service on office organization and 
management. 


THE FINAL ARRANGEMENT 

After having indicated on the separate preliminary 
departmental sheets, and also on a large preliminary gen- 
eral layout, the location of all the service equipment and 
service departments, we are ready to make the final lay- 
out. This final layout can be visualized more completely 
by means of a model built to the scale of the proposed 
factory buildings. 


Wooden floors are used in this model. The side walls 
are only skeleton frames. On the wooden floors are fas- 
tened (with thumbtacks) templates showing the equip- 
ment. The departmental boundaries are indicated by 
painted lines. The principal paths of progress of mate- 
rial, as determined by the preliminary process mapping, 
may be indicated by the use of threads of various colors. 


Figure 5 shows the floor plan for a one-story manufac- 
turing plant, made by cutting out templates representing 
various departments and arranging them until the most 
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satisfactory location for each department has been 
secured. 

When it becomes necessary to rearrange or change 
equipment in a department or shop for mine a blue 
print has been prepared showing the existing equipment, 
it is customary to pin or paste paper templates showing 
new equipment or change of equipment on this blue 





THE STEPS IN PLANT LAYOUT ARE: 
A general process map. 
Are the processes analytic or synthetic? 
Are they simultaneous or consecutive? 
2. A study of routings of individual parts to gain data 
for detailed machine lists and for departmental lay- 
outs. 
A rough scale layout of departments. 
A check-up of the general layout with such data as 
are available from other plants. 
5. Adjustment of layout to provide for service depart- 
ments and service features. 
6. A final layout in which all factors are adjusted to 
gain the highest practical efficiency. 
Result: A well-organized plant equipment. 


eS 


B= se 


| 
print. A blue pencil is used to obliterate the white lines 
that show the old locations of the equipment. Photo- 
stats and blue prints can quickly be made of the rear- 
ranged layouts made in this way, thus saving time and 
expense in redrafting. 





BROAD APPLICATION OF ARRANGEMENT PRINCIPLES 


You have seen that the controlling factors in arrang- 
ing plant layouts are as follows: 
1. Those relating to processes. 


2. Those relating to service-equipment features. 


Have you noted how true this is in store and office as 
well? 
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You have seen that the process map is the basis for 
plant layout and that the routing records for all the 
individual parts can be combined to give a basis for very 
definite equipment and arrangement plans. It is plain 
that the equivalent of routing cards may form a basis for 
check-up and possible re-arrangement of office and retail 
or wholesale store processes. 


You understand how efficiency is gained by convenient 
travel of work, healthful working conditions, scientific 
lighting, prevention of damage or loss of stock, and the 
like. It is obvious that efficiency may be likewise gained 
by analyzing and planning these factors in connection 
with your own working and living quarters, no matter 
what they are. 

In Part II of this manual, we shall consider time and 
motion studies as employed in scientific shop manage- 
ment. We shall learn how time studies are made and 
used in establishing standards of performance. It will 
then become apparent that the underlying principles of 
this phase of scientific management also apply in office 
or store management as well as in the shop. 
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ESTABLISHING STANDARDS OF PERFORMANCE 


RE we routing our orders thru the shop efficiently? 
A How much improvement is possible? 

A satisfactory answer to these questions can be 
made only by establishing a standard of efficient routing 
of orders and then comparing our present system of 
routing with that standard. 


“I’ve heard rumors that Jones and Drake are turning 
out shoes at a third less labor cost than ours. Is such a 
thing possible?” asked the president of a concern which 
faced serious price competition. 

Without standards which reveal the ideal possible 
labor time on various operations, the works manager can- 
not be sure that the performance of his men is as efficient 
as it might be. 

To establish standards of performance is to set up an 
ideal goal of results by establishing ideal methods 
and conditions of performance for attaining low-cost 
production. 

Management needs to establish standards of perform- 
ance aS a means of making sure that the plant and 
equipment, as operated by labor, yields an attainable low 
cost of production. Setting up standards of performance 
serves as a means of measuring the effectiveness of man- 
agement’s control of the performance of men, machines, 
and tools. 


Standards Are Established by Research. If standards 
are set by guesswork, or from personal experience alone, 
or by any hit-or-miss method, they will in all probability 
fall short of ideal, practically attainable standards ; they 
will be unreliable; and without reliable standards a com- 
pany cannot estimate possible price competition on its 
products, nor can it measure accurately what will be the 
effects of proposed changes in policy or method. 
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How can sufficiently accurate standards be determined? 
The history of industry as well as of science affords ade- 
quate proof that scientific research alone will give stand- 
ards which may be regarded as exact. 


The experience of expert artisans is valuable in deter- 
mining standards of performance. Scientific research 
always gives such experience a large place in its investiga- 
tion. But artisans work with the tools they have, and 
their best work with these tools may not be as good as 
work done with tools that are better designed for their 
purpose. 

Scientific research sets aside preconceived notions 
of ‘‘the only way to do a thing’’ and studies its 
problem from every angle. 

Scientific research proved than an air brush could 
“flow” varnish on a surface as well as an expert painter 
could spread varnish with a brush made of bristles. 

The industrial engineer has made the shop a labora- 
tory. He uses laboratory methods to exhaust all the 
possibilities and to arrive at the very best methods of 
doing certain work. In this way he sets up a standard 
with which it is safe to compare the results that are being 
obtained in practice. 


Usually an operation in actual shop practice does not 
come quite up to the standard. Conditions cannot be 100 
per cent all the time. Experience soon shows how close 
the laboratory standard can be approximated in practice 
—and thus the laboratory standard is readily converted 
into a practical, everyday working standard by which 
efficiencies of performance can safely be measured. 


Employing Scientific Research. As pointed out in Execu- 
tive Manual 33, the first four steps in applying scientific 
management are as follows: 

1. A survey of our task and a statement of our objective. 
2. Securing necessary data (facts). 

3. The establishment of standards. 

4. Applying the data and standards. 
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‘It is with the practical application of scientific proce- 
dure in setting up standards of peiformance that this 
manual is concerned. 

In making researches which will be useful in develop- 
ing standards, we must give careful attention to the fol- 
lowing considerations: 

i. The reasons for scientific research in any case: What is 

the purpose of the investigation? Is it practical? 

2. What are the sources of the information to be secured and 

what methods shall be used in getting it? 

3. How can the accuracy of the resulting information be 

checked? 

4. How will the information be compiled, tabulated, as- 

sembled, filed, and indexed for use? 

5. How much time and expense will the studies involve? How 

does this compare with the savings or profits expected as 
a result of the investigations? 

Experience has answered many of these questions. We 
know from experience that the greatest opportunity for 
savings and increased profits in production often results 
from rightly conducted time and motion studies, and 
from job analyses. We will, therefore, outline the most 
successful methods employed in scientific research along 
these lines, remembering that scientific procedure, as 
previously outlined, is applicable in successfully solving 
every important business problem. 

TIME AND MOTION STUDIES 

Time and motion study analyzes any process or opera- 
tion into the smallest elements or parts into which it can 
be divided. The process may be manual or mental or 
on amachine. After the analysis of the process into its 
elements or parts has been made, each element is ex- 
amined and investigated as a separate unit. 

Motion study investigates the movements made in each 
element of a process. Its object is to eliminate all waste 
of time, energy, health, materials, tools, and the like. 

Motion study includes consideration of such factors as 
experience, skill, contentment, fatigue, training, habit, 
and prejudice. 
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TOOL LIST | OPERATION 


FOR Exercise #4 
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Fivive 6. A tool list for the piece shown in Figure 7. 
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Figure 7. Drawing of piece on mien time- ‘study data shown in Fig- 
ure 8 were taken. 
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Standard Elemental Operations and Times. “Standard 
elemental operations” are such as repeat themselves 
again and again on many kinds of work. They include 
such elements as the following: “Pick up tools,” “walk to 
vise,” “lay down tools,” “set work into machine,” “clamp 
work into machine,” “raise work from floor to machine,” 
ete. 

It is evident that the pieces of materials or parts to be 
processed can be classified as to weight and shape, and 
that several of the elemental operations may be identical 
on parts of about the same weight and shape, but which 
differ in other respects. Elemental fastening operations 
can be classified according to the various sizes and styles 
of clamps and bolts. Raising a part from the floor may 
be classified as to size and weight of the part, and as to 
whether it is lifted by hand, by hoist, or by crane. It is 
apparent that— 

Once a standard time for a given elemental opera- 
tion on a given class of work has been established, 
it can be used on new work without a new time study. 

Before starting the time studies, all possible efforts 
should be made to standardize the procedure for bringing 
together the necessary material, tools, drawings, clamps, 
and other fastening devices, as by providing a tool list. 
Figure 6 shows the tool list for the work illustrated in 
Figure 7. 

The next procedure is the listing of all the detail opera- 
tions without timing them. 


Figure 8 shows a time-study observation sheet, on 
which the broad column headed “Detail Operation” is 
first filled in by the observer. In some cases the operation 
must be repeated and observed two or three times before 
these details are accurately listed. 


Method of Timing Observations. Ficure 9 shows a board 
arranged to hold the time-study observation sheet, the 
sheet being held to the board by a clip. 


At the upper right-hand corner of the board is a pro- 
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TIME-STUDY OBSERVATION SHEET 
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Figure 8. Time-study observation sheet. “Conti”? means continuous 
time accumulating on each successive operation. “Indi.” means the 
time taken on each individual (elemental) operation. 


jection with cup hooks arranged to hold a stop watch. 
The observer starts and stops the watch with the left 
hand while he is taking notes with the right hand, as 
shown in the figure. His eyes can remain on the work 
except for the time it takes to glance at the watch and 
record its readings. 

The stop watch has the minute divided into 100 divi- 
sions instead of into 60 seconds. This makes it easier to 
calculate the elapsed time and the individual time, as 
indicated in the alternate columns of Figure 8. The 
watch is the kind that, having been stopped, may be 
started again at the point at which it was stopped, and 
does not have to be turned back to zero. Thus it can be 
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Tethod of mounting observation sheet and stop-watch on 
board for taking time-study observations. 


Figure 9. 


stopped whenever any interruption (plainly avoidable 
waste of time) takes place, and started again when per- 
formance gets back to the operation being timed. 


Unless there are such interruptions, however, the 
watch is not stopped from the beginning of the job to the 
end. The observer glances at the watch at the comple- 
tion of each elemental operation and records the time in 
the column under the heading “Conti Time,” meaning 
continuous time. (See Figure 8.) The difference be- 
tween the “conti” readings gives the time taken for each 
elemental operation. These are computed and shown in 
the colunm headed “Indi Time,” meaning the amount of 
time taken on the individual operation. 

After the times of the best men at work on a particular 
job have been taken, each elemental operation is checked 
against studies of similar elemental operations. This com- 
parison aids in studying the methods of performance with 
a view to effecting improvements in the methods used. 
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Moving Pictures ag an Aid to Time 
Study. Frank B. Gilbreth used the mo- 
tion camer with marked success as an 
aid in industrial research. He photo- 
graphed the mechanic at work. Every 
movement was recorded on the film. A 
specially designed clock was placed so 
that it appeared in the picture and the 
exact time taken by every movement 
could be seen. 


This clock has a dial about 30 inches 
in diameter. On the dial is a pointer 
which makes 10 complete revolutions a 
minute. The dial is divided into 100 
parts, each representing one thousandth 
of a minute. 
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Figure 10. This Gilbreth clock, used in motion- 

camera study work, records 1/1000th of a second 

and shows the exact time taken by every motion 
made by the workman. 


Figure 11. At the right is a motion-picture film 

showing an assembler reaching for a part. Note 

the cross-hatched background and the Gilbreth ——— m= 
clock which times the operation. Figure 11. 
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When a workman reaches out his hand to pick up a 
tool, the pointer on the clock in the picture shows the 
time at the beginning of the movement. It shows in an- 
other position at the end of the movement. Thus the 
exact time of the movement is ascertained. An exact 
and permanent visual record of the movement is secured. 

Every motion of the workman is so clearly shown, and 
can be so readily and repeatedly studied, that the finding 
of new and shorter ways of doing the job is thereby 
greatly facilitated. 

Figure 10 illustrates the clock used in motion-camera- 
study work and Figure 11 shows a typical set of motion 
pictures taken at the New England Butt Company. It 
will be noticed that the floor and background are cross- 
sectioned so as to make it easy to measure the motions 
and surrounding conditions. On the cross-sectioned 
background, the heavy lines are twelve inches apart and 
the light lines four inches apart. An inspection of the 
pictures shows that it takes a man one second to let go of 
the work he is doing and get his hands to the assembling 
board. 

The moving-picture machine was thus used by Mr. 
Gilbreth to analyze the motions. Close study of the 
films would usually show that a great many of the mo- 
tions of a workman are wholly unnecessary, and also that 
a great deal of useless work was done in picking up 
pieces from boxes and trucks on the floor. 


It is evident that if pieces to be assembled are well 
arranged on an assembling board, they can be reached for 
and put into position in a much shorter time. There are 
various styles of assembling boards, similar to that illus- 
trated in Figure 12, upon which another worker, such as 
a stock-room boy, places the various light parts of ma- 
chines to be assembled. Then, when the expert mechanic 
assembles the machine, the use of the assembling board 
eliminates a great deal of the time formerly lost in 
bending down and stooping over. 
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Figure 12, The rack from which the work- 
man assembles the different parts of the 
machine he is making. A stoeck-room boy 
puts all the parts needed to assemble one 
machine in their proper places on this rack. 
A supply of filled racks is always at the as- 
sembler’s side, ready for use as fast as each 
machine is completed. 


Mapping Motions. Another device, used by Mr. Gil- 
breth in studying rapid motions that are frequently re- 
peated, consists of attaching a small electric-light bulb 
to the hand of the operator, the bulb being connected by 
flexible wiring with a battery or other source of current. 
The light in the vicinity of the operator is slightly dark- 
ened so that the electric light on the hand rather than the 
picture of the man and machine will be recorded on the 
photographic plate. The camera is trained on the worker 
as he performs the operation which is under investiga- 
tion. The plate is exposed long enough to get pictures of 
several complete paths of motions. 


When the plate is developed, it shows a line or lines of 
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Figure 13. The upper picture is a motion-picture record 

or map of the movement of the hand of an operator who 

is putting sheets from a pile onto a moving belt. The 

lower picture shows the same operator after his hand has 

been trained to follow the shortest path. The result was 
greatly lessened fatigue. 
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light traced in an irregular path. The figures of the man 
and machine may be faintly visible, but they do not 
count. The main thing is the path made by the light, 
which is a record or map of how the operator’s hand 
moved in the operation. Figure 13 shows this record or 
map in one case. The top picture shows three of the 
completed movements (one line for each movement) 
before this movement was improved and standardized. 
By study of the movement as shown in the top picture, 
it was possible to standardize it, avoiding waste motion, 
as shown in the lower picture of Figure 13. 

It is often found that the path of a movement thus 
photographed is not a straight line, but is a more or less 
complicated curve. <A straight line would be shorter. 
The problem then resolves itself into providing or ar- 
ranging fixtures, stands, or tools so that the path may be 
shortened, and also in training the workman in new 
habits of motion. 

When such a record of a movement showed a path full 
of twists and angles, Mr. Gilbreth reasoned that some- 
thing must be the matter with the arrangement of the 
parts which the hand must reach. For example, one 
record showed that the operator of a certain machine had 
to reach a considerable distance to seize a certain lever. 
The operation had become habitual, and even the trained 
eye of the efficiency expert had failed to note that there 
was any unnecessary movement. The photographic rec- 
ord, however, showed that this reaching resulted in some 
loss of time. The mechanism of the machine was altered 
so that the lever was within short reach of the workman’s 
hand. 

Observation and correction of only slight wastes of 
motion yield important savings of time and effort in 
the aggregate, especially so when the same motions 
are repeated many times during the day. 

In order to introduce the time element, Mr. Gilbreth 
added a dise whose revolutions make and break the cur- 
rent which lights the lamp on the operator’s hand. Then, 
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instead of a continuous line or band, the photograph 
shows a line of dots and dashes. By gearing the disc to 
a definite speed, the number of flashes shows the time the 
motion has taken. The shape of the flash, blunt at one 
end and sharp at the other, shows in which direction the 
motion is made. Mr. Gilbreth designated these maps or 
records of motions as cyclegraphs, since they graphically 
record the complete cycle of motion. 


Requirements for Time-Study Observation. It is desir- 
able, altho not absolutely essential, that a time-study 
observer be trained in the trade which is under observa- 
tion. He need not necessarily be an expert. But he 
should be patient, diplomatic, and unprejudiced. Labora- 
tory experience in which a man has become accustomed 
to taking accurate readings is good preparation for this 
work, provided it has been followed by some shop train- 
ing in the trade in which the time studies are made. 

The workman on whom the time study is made should 
always be informed of its purpose; his interest and co- 
operation must be secured. Time study for the purpose 
of getting the motion and time elements should always 
be made on first-class men. Then, in establishing a 
standard time as the basis for a wage scale, a percentage 
of extra time should be added to the amount of time 
required by the first-class men. This is done in order to 
give the average man on the job an incentive to meet 
the standard, because he finds that it is attainable. 

It is customary to pay a workman an advance over his 
ordinary rate of pay whenever he co-operates by acting 
as a subject for time and motion studies. This extra pay 
is in no sense a bribe, but rather a bonus in recognition 
of his co-operation with the time-study man. Further- 
more, the workman may be called upon by the time- 
study man to stop suddenly in the midst of a process, to 
think about certain motion elements involved, and dis- 
cuss whether these elements are ordinary practice; to 
advise whether a certain improvement, short cut, or de- 
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vice suggested by the time-study man is feasible or not; 
or to assist In many similar ways. Co-operation of this 
sort requires more than average ability. 


INSTRUCTION CARD FOR OPERATION 


SHEETS, SHEET No. " IDRAWING No.| MACHINE No.| ORDER No. 
MATERIAL CLASS No.} PIECES 


DESCRIPTION OF OPERATION Center, Face,Turn, Groove, Thread 
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Figure 14. The first part of a three-sheet instruction card on which 

over one hundred elemental operations are listed. This card is the 

final result from the time studies shown in Figure 8 on the piece 
shown in Figure 7. 

Preparation of the Instruction Card. Figure 14 shows 
part of an instruction card made up from the results of 
the time study previously shown in Figure 8. It will be 
noticed in this instruction card that each element of the 
operation is listed, and that the standard time for per- 
forming each element is set down. All the elemental 
operation times, when added together, give the “time 
basis” for the complete operation. 


Complete operations are broken up into their ele- 
ments in order to examine each element by itself, 
standardize it, and then reassemble the elements into 
a more nearly perfect whole. 
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The “time basis,” which is the sum of the standard 
times of all the elemental operations, is by some indus- 
trial engineers termed the “standard time” for the job. 
In computing standard time, however, a majority of 
industrial engineers add a percentage of time to the “time 
basis” to allow for average performance, as previously 
explained. 

After the time-study work has progressed to such an 
extent that standard times have been listed and filed for 
a variety of standard elements of operations, the building 
up of the instruction card for a new operation will con- 
sist largely of assembling standard elements whose stand- 
ard time is known, leaving only a few elements remain- 
ing whose time has not previously been standardized. 
Even for some of these remaining elements it may be 
possible to figure the time from known data without the 
necessity of time study. Thus the need of actual time- 
study work in the shop becomes less as more and more 
standard elemental operations are carefully timed and 
the results are indexed and filed for reference. 


Getting the Work Done According to Instructions. Where 
the men have never worked under instruction cards, 
patient and systematic training is required. It is neces- 
‘gary to insist that the instruction card be carefully read 
and that the individual steps or elements of the opera- 
tion be followed. Tact and patience are the more neces- 
sary because men who have been accustomed to looking 
at the time consumed on a job merely in the light of the 
total time are at first likely to consider as impossible the 
time reductions indicated on most instruction cards. 

In one case, after considerable preliminary work in 
planning and getting materials and tools ready and after 
careful time studies, it was decided to offer a bonus to a 
group of automobile assemblers if they made a standard 
time of 100 hours for a certain job. The best previous 
record made on this job had been 225 hours, and the men 
naturally felt that it could not be done in 100 hours. But 
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thru careful instruction and handling of the men, the 
time was reduced to 90 hours, and ultimately it was a 
common occurrence for the total assembling of this job 
to take no longer than 65 or 70 hours. 

It is essential that a skilled demonstrator or leader re- 
main with the workers until they are able to do the tasks 
specified on the instruction cards within the time limits 
designated. When a job is being done continually in 
the time specified, it can safely be left alone. When a 
new man undertakes a certain task, it takes a much longer 
time than is taken by the trained men. Then the services 
of the demonstrator or leader will probably again be 
required. 

Allowances for Exceptional Conditions. Where there is 
a difference in the quality of material—as found in cast 
iron or cast steel, in which three degrees of hardness are 
usually recognized—a definite schedule in machine speeds 
and feeds should be agreed on and the consequent changes 
in the standards of time should be shown on the instruc- 
tion sheet. Where there is a functional foreman in 
charge of the feeds and speeds, he will be the man to pass 
judgment on the quality of the metal. Where there is 
no such supervisor. the foreman will make the decision. 
Thus— 

Scientific management in setting standards of per- 
formance makes due allowance for all uncontrollable 
variations in conditions which affect the time re- 
quired in doing a job. 

In setting a standard time, no allowance is made for 
cleaning a machine while the work is in process or for 
any oiling not specified on the instruction sheet. Any 
delay for making a necessary repair should be approved 
by the functional repair boss, if there is one, or by the 
foreman. 

Time Study Does Not Mean Driving. Industrial engi- 
neers know that the worker must not use too much 
strength and vitality in his work. This is important. 
Scientific time study recognizes it. 
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Conservation of the worker’s strength during the day 
and avoidance of undue fatigue are important objec- 
tives of scientific management. 

In some classes of work, rest periods must total one or 
two hours a day; in certain other classes of work, rest 
periods take up as much as one-half of the total working 
time. 

{n order to avoid fatigue it is necessary to know how 
long a man should work between the rest intervals and 
how frequently the rest periods should come. It may be 
known, for example, that a skilled drop-hammer black- 
smith needs to rest about one-half of the working time, 
but it must also be known whether it is best for him to 
work five minutes and rest five minutes, or to work ten 
minutes and rest ten minutes, or with some other com- 
bination of work and rest periods. This information can 
be gained only by careful experiment. 

Office workers also require rest periods. Work at too 
ereat a pressure and too long continued, or in unfavor- 
able surroundings, is never efficient work. Time studies 
made on office workers often show methods which lighten 
the strain on the workers and at the same time get out 
more work. 

Work under conditions which cause undue strain not 
only impairs the workers’ health, but tends to impair 
the company’s profits. 

It must also be borne in mind that interest in one’s 
work lessens fatigue. A man’s mental attitude toward his 
work means a great deal. The development of the right 
mental attitude toward the work and the company is an 
important problem that will be fully treated in the sec- 
tion on managing men. 

Scientific tests have been worked out to determine the 
frequency and length of pauses and rest periods. But 
the common sense and good judgment of an experienced 
observer, who studies the methods pursued by those work- 
ers who get out the most work with the least fatigue, will 
usually prove just as valuable in deciding these questions, 
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since fatigue varies with physical and mental differences 
in workers as well as with their training, occupation, sur- 
roundings, and so on. 


A change in position will frequently prevent fatigue. 
Special stools have been devised with foot and back rests, 
so that the position is easily changed. These are useful 
in the office as well as in the shop. The problem of 
fatigue is worthy of careful study in every business. One 
of the primary aims of applying scientific methods in 
production is to prevent fatigue from undue strain. 


The Need of Inspection. A thoro system of inspection 
is necessary with any system which uses instruction cards, 
time standards, and bonuses; otherwise, the standard of 
workmanship will fall off. Floor inspectors often accom- 
pany the move-material men as they transfer work in 
process from department to department, these men movy- 
ing only such work as is approved by the inspectors. 


The Value and Cost of Time Study. Manufacturers 
sometimes feel that the cost of time studies in their 
plants would be excessive in relation to returns. This 
may be true in some cases, particularly in the smaller 
plants. But in many of the larger plants of the country, 
time study has given large returns both to the men in 
the form of higher wages and less fatigue and to the 
management in the form of lower costs per unit of out- 
put. 

It is important to remember that the fundamental 
principles of scientific management may be, and should 
be, successfully applied in small as well as in large estab- 
lishments, and not only in production but also in the 
office, the warehouse, and the mercantile establishment. 
Standards of performance, for example, can be set up for 
almost every operation in any business, large or small— 
even tho it may not be advisable in every case to set up 
these standards by means of time study. 

The cost of time studies, however, must be considered 


~ 
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in light of the fact that the results of one time study 
covering a standard operation may be applied to all simi- 
lar operations, as previously explained. 

Let us now briefly consider the problem of attaining 
higher standards of performance by fitting the worker to 
the job thru job analysis. 


JOB ANALYSIS 


The results aimed at by personnel managers have led 
to the development of job-analysis research. 

The personnel managers found “misfits” in industry 
and they asked the industrial engineer where these men 
could work efficiently. As heads of the employment de- 
partments, they asked for more exact descriptions of the 
workers they were instructed to employ. 

“How can the job best be done?” was the question 
answered by time and motion studies. “Who can best 
do the job?” is the question that 1s answered by job- 
analysis research. 


Investigation in Job Analysis. In job analysis each job 

is given a definite name and then is investigated as to— 

1. The exact nature of the work to be done. 

2. The conditions under which it must be done. 

3. The best methods and standards for doing the work, as 
determined by time, motion, and fatigue studies. (We 
consider here the tools, material, and machinery used; the 
kinds of operations; and the motions in each operation.) 

4. The human qualifications that are necessary to do the job 
effectively. : 

5. The training or experience required in the worker. 

6. The wages paid for the proper performance of the work. 

7. The possibilities of promotion. 


When such an investigation is made by a man who can 
expertly determine what qualities a worker must possess 
to be happy in a job and to do it efficiently, a long step 
has been taken toward fitting the job to the worker. 
Then we know accurately and fully the qualities required 
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in the worker to fill that joo, and our problem is to find a 
worker with these qualities, who, with a little training, 
will fit the job. 


The Need for Job Analysis. The importance of job 
analysis is evident, because jobs vary widely in their 
requirements of physical and mental characteristics in the 
men who can most successfully handle them. 


Certain jobs calls for muscular effort which is merely 
healthy exercise for some men, but which would greatly 
fatigue most men of slighter build. Some types of minds 
are supremely content with work which other types of 
minds would find uninteresting and monotonous. 


In most communities, workers can be found with qual- 
ities that fit all the available jobs. It is largely a case of 
finding, among available workers, the right man for the 
job. Let us remember that— 

Management not only insures itself contented and 
efficient employes but performs a distinct social and 
economic service when it selects workers who are 
well qualified for their jobs. 

Figure 16 illustrates a typical case of thorogoing job 
analysis. Figure 15 is a large factory’s job-man specifi- 
cation form used to describe the type of worker needed. 
This is sent to the employment department for its guid- 
ance in selecting the right man for the job. 


How Job Analysis Classifies Workers. The traditional 
method of classifying workers has been refined as a result 
of job analysis. In classifying machine-shop mechanics, 
for example, the traditional method designated a man 
simply as a lathe hand or a drill-press hand, or the like, 
with no further classification. But scientific job analysis 
reveals distinct grades in lathe work, drill-press work, and 
so on, each grade requiring more skill, mental ability, and 
experience than the next lower grade. For example, on 
the following page is a classification of workers in a 
modern lathe and planer department. 
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Class A. Leaders in charge of groups; men who have a general 
knowledge of manufacturing operations, methods, and material used 
and who have judgment, accuracy, and a high degree of skill and 
dependability. Examples are engine-lathe, planer, and boring oper- 
ators for large work, where mistakes result in great loss. 


Class B. Accurate, dependable workers with considerable ability 
and experience, but without the general knowledge and the experi- 
ence required of those in Class A. Class B workers are generally 
operators on accurate or heavy work which usually calls for repeti- 
tion. Examples are engine-lathe operators doing not especially 
accurate but laborious work, and planer operators on medium-sized 
work with much repetition. 


Class C. Workmen who have become proficient on work which 
is usually repeated. Examples are engine-lathe operators on repeti- 
tive work; planer operators on rough work; boring-mill operators on 
repetitive work. 


Class D. Workmen who can be taught in a short time to become 
efhcient producers on work which is usually repeated. Examples are 
employes learning to operate engine lathes, planers, and boring mills. 


Class E. Unskilled workmen, with little if any previous training, 
who do work requiring a small degree of skill, accuracy, and knowl- 
edge. Examples of unskilled workmen are truckers, sweepers, ma- 
terial handlers, and machine helpers. 

The grades of workers as above classified correspond in 
a general way to first sergeant, sergeant, corporal, private 
first class, and private, in army life; or the above classes 
of shop workers may be compared with apprentice sales- 
man, junior salesman, salesman, supervisor, and district 
representative, as found in the sales department of some 
large business organizations. 

A classification of the workers from the standpoint of 
their qualifications and of the work they are able to per- 
form acceptably gives a fair basis for differences in wage 
scales and in opportunities for promotion. The men 
should be encouraged to train themselves for advance- 
ment from one class to the next. The door of opportu- 
nity should always stand open. 


Job classification provides a ladder with consecutive 
steps up which the ambitious worker can climb. 
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Even tho your concern may not be using a standardized 


printed form for listing the qualifications that workers must have in 


Figure 15. 


order to fill the requirements of certain jobs, this form, which is used 


by one manufacturing concern, will give you a good idea of the essen- 
tial points to include in a request for men or women workers 





JOB ANALYSIS 

1. Name of job..Press Operator...Punch-Press Department... 

222 Description: of. Jobe. enone ee ee 
Operating single-action punch, or stamping press. The opera- 
tor feeds sheets, strips, or pieces of tin plate, or ends for other 
parts already cut or formed, between die and punch, and 
operates the press by tipping a treadle on the right side. She 
does not adjust nor set dies and has no responsibility for the 
maintenance of the equipment; but she must be on guard 
against causing injury to the dies by improper feeding, and 
must watch the finished product for the purpose of reporting 
at once to the foreman any defective work turned out by the 
machine, so it can be remedied. 
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5. Advancement... ..... cents per hour after 1 month’s service. 

6. Average earnings, piecework............ pera yes ers wees 
CORA Maen ates per week. 
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Nine hours per day, 50 hours 

(7 to 12; 12:30 to 4:30.) 

8. Analysis of work: 

(a) Operator stands or sits, depending upon the size of the 
machine and the job she is placed on. 

(b) Work is active and quick, but no heavy lifting is required, 
as tin plate is placed in position by trucker. 

(c) Work is done by daylight, with plenty of light entering 
from the windows on both sides of the department. Ad- 
ditional illumination is furnished by lights behind press, 
which are placed so as to prevent blinding the operator. 

(d) Ventilation is accomplished solely by opening the windows 
on both sides of the department, which gives an air cur- 
rent, but is good on account of the size of the floor space. 

(e) Temperature is not influenced particularly by any ma- 
chine process in the department. In the winter the depart- 
ment is well heated. 

(f) Cleanliness: Work is fairly clean with the exception of 
the dirt caused by the lubricant and oil used in drawing 
operations on press, which will soil the clothing and shoes 
of operators working on that type of work. 

(g) Operations are of repeated type; the operators often 
change from press to press on different jobs. 

(h) The surroundings are pleasant. 

(1) No particular hazard to health, with the exception that 
operators without physical stamina or with predisposition 
to disease will not be able to stand the work very long. 

(7) Accident hazards: Machines are well guarded with new 
Canco guards. Operators must be warned against placing 
fingers under die or punch at any time, and should be in- 
structed to use the wood sticks and hooks placed at each 
press, and to remove any particles from die, and to call 
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Figure 16. A typical job analysis, showing the details which it is 
desirable to consider in even so apparently simple a matter as the 
selection of a girl to operate a punch press. The particular form is 


the die setter or foreman if they notice any trouble with 

their machine. Should be instructed against placing arms 

around and behind the die to catch trimmings for the 
purpose of Inspection, as many serious accidents have been 
caused by this practice. Should be instructed never to 
operate press if it 1s out of order. 

(k) Make of machine:—R & K—Torrence, Weber, Bliss. 

9, Physical requirements: 

(a) Preferred age: Operator should be about 20 years and 
not exceeding 30 years when learning punch-press work. 

(b) Preferred weight: Operator should not be too stout, but 
should be heavy enough to have stamina to withstand the 
reverberation of the machine and physical activity nec- 
essary to turn out a large production. 

(c) Preferred height: Should be tall, about 5 feet, 7 inches, 
for large presses, No. 3 and No. 4. For other work may 
be a little shorter. 

(d) Other physical requirements: The operator should have 
long arms, and full use of hands, arms, and right foot. 
Good eyesight is very important. 

10. Mental requirements: 

(a) Preferred nationality: American. 

(b) Temperament: Operator should be of calm, cool tem- 
perament, and should be of self-controlled type. 

(c) Experience: Operators to be rated experienced on punch- 
press work should have had experience in operating punch 
presses in tin or metal manufacturing plants. If they are 
learners, it is best to give preference to girls who have 
had some machine experience, as they will be more likely 
to overcome the fear of the press and less likely to have 
accidents. 

(d) Girls must not be of nervous or flighty type. 

(e) Girls who have done housework for any length of time 
are found to be unsuitable for this kind of work, as the 
analysis of the labor turnover shows that they will not 
stay long enough to learn the work and they seem not to 
have the power of concentration to make good punch- 
press operators. 

(f) Education, minimum requirements: Able to read and 
write English and to count. 

11. Learners are usually taken from sorters or inspectors, as they 
have a chance to come in contact with machines and get 
acquainted with the punch-press department. 

12. Method of training, length of time to learn job: Learners are 
first placed on machine with instructions to work treadle with 
foot without feeding any tin for a period of time from 10 to 20 
minutes. In this way they become used to the press and will 
establish the proper co-ordination between the eye and foot. 
They are usually started on small chute feeding operations or 
small cutting jobs, such as cutting caps out of scrap, espe- 
cially work which will not cause the die to become out of 
order if the operator makes a mistake, and so they slowly 
pick up the work. 

reproduced by the courtesy of a well-known firm which has made nota- 

ble progress in scientific management. 
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The many practical uses of standard times and meth- 
ods, also of job analysis and classification, will be con- 
sidered more in detail in later manuals, which take up the 
subject of standardization in general and methods of 
handling the workers. But before taking up these sub- 
jects in detail, let us, in Executive Manual 36, find out 
how materials and supplies used in production are pur- 
chased to best advantage; also how they are stored, cared 
for, and dispensed for use, as revealed in a study of the 
organization and operation of the purchasing and stores 
departments of efficiently managed industrial plants. 

First, however, use the following check-up which sug- 
gests various uses of principles brought out in this man- , 
ual. Executive Problem 35, which follows, will, in an 
interesting way, develop your ability to make a depart- 
mental layout which permits the most economical flow of 
work. This ability, as developed, can be profitably used 
in any business. Arrangement is always an important 
factor in efficiency. There is nearly always room for 
improved arrangement, as you will see in working Execu- 
tive Problem 35. 


CHECK-UP ON PRINCIPLES 


Use the following check-up to get the principles of this manual 
firmly fixed in mind. This wili help you to handle the problem 
which follows. This check-up is entirely for your own personal 


use, SO you need not send it in to the University. 





1. Dairy farmers usually locate their silos, in which 
fodder is stored, near the cows, even tho this location 
of the silo compels a longer haul from field to silo. Is 
this a violation of the minimum-travel principle?...... 


Yes} No 





2. In one large department store each credit man 


has a stenographer, and her desk is alongside his. In 
another similar store the stenographers of the credit 
department remain in a stenographers’ room on another 
floor except when taking dictation. Does this illustrate 
a conflict between the minimum-travel principle and 


Check 





3. In a large machine shop the storerooms for tools, 
jigs, supplies, and many kinds of raw materials and 
small parts were located in a balcony running the length 
of the building. Does this location seem to comply with 
nrost of the principles you have studied in this manual? 





4. Miners very often carry their lamps on their 
caps. Does this arrangement illustrate an application 





5. In making a time study the work of two expert 
workmen is observed. A proves to be consistently quicker 
in setting up the work ready to process, while B is 
always the quicker of the two in machining the work 
to exact gauge. The ideal base time was taken as the 
sum of A’s time for the set-up plus B’s time for machin- 
Inc ise bhis Colette PIACHICe mee waa eats oie lar. oh ae 


6. It has proved true times without number that 
an observant and thoughtful newcomer to an office or 
factory can suggest improvements which the old-timers 
have overlooked. Does this fact confirm the value of 
the: principle. you studied om page 237. ..:...... 05.4... 
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7. A typist had formed the habit of twice rapidly 
depressing and releasing the “cap letter” lever on her 
typewriter as she started each new paragraph. Is the 
daily loss in production likely to be noticeable to casual 
observation ? «1 iU:cictoaias amen tea ieee eee tees eee 





8. If a designing engineer sought to improve the 
efficiency of an automobile as a whole without giving 
separate consideration to carburetor, engine, transmis- 
sion, etc., he would be looked upon as a fool. Is it any 
less foolish to set out to improve the efficiency of a 
workman’s efforts without studying each element of his 
ROT ae cee tae eg tae Gasp tL nea eed ee eee Go 





9. Does scientific management recognize that the 
average good workman cannot work at top speed con- 
stantly, and does it consequently make adequate allow- 
ance for fatigue when setting standard times?......... 





10. Workmen in Extown were hard to get. Mr. A, 
the employment agent, boasted that he kept. his shop 
supplied notwithstanding the shortage. “If I can’t get 
a molder, I send the shop a fireman or a farmer,” he 
said. “Some of them stick, and the foreman can’t com- 
plain much so long as I send them husky hands.” Is 
this man following correct principles?................ 





Yes 





Check 


No 








Executive Problem 35 
A DEPARTMENT LAYOUT 


Using the Process Map in Selecting and 
Arranging the Equipment 
Unver Tue LaSatte Prostem MerHop 


MALL daily savings mean big annual profits. 

An arrangement which saves the work of 
one $16-per-week boy will pay an 8 per cent 
cash dividend on over $10,000. Well-selected 
equipment, properly arranged so that the work 
will be a minimum and that each worker can 
do his best, effects savings which may seem 
rather insignificant. A good layout saves money 
daily, however, and costs little or nothing. 
When the books are closed, it may outweigh 
far more noticeable economies. 





Prepared by the Research and Consultation 
Staff of LaSalle Extension University from an 
interesting problem which it has carefully in- 
vestigated and analyzed. 





Executive Problem 35 
A DEPARTMENT LAYOUT ° 


In this manual you have been introduced to a produc- 
tion problem which is as important in every business 
office as it 1s in the factory, for good work cannot be 
done efficiently anywhere if working conditions are unfa- 
vorable, and the equipment poorly planned. 

The Two Rivers Shoe Company has been making 
ladies’ shoes for years. Their shoe is of that medium 
grade which appeals to a very large share of the shoe 
buying public. 

The management has decided to make a line of men’s 
shoes of similar quality which they plan to call the 
“Gentleman” shoe. It is their plan to make just one 
quality of shoe of just one general type of construction, 
tho, of course, the leathers and styles will vary, so as 
to give their customers a fair range of choice. 

Their investigation has shown that shoes can be manu- 
factured efficiently, with balanced production between 
all operations, in factories designed for a steady output 
of some 125 cases of shoes per nine-hour day. A case 
of men’s shoes contains 24 pairs, so that the output will 
be 3,000 pairs of shoes per day—a volume which the 
sales department believes it can sell right from the 
first. 

This company’s experience and that of many other 
shoe manufacturers have shown that it is necessary to 
equip a plant for 25 per cent greater capacity than the 
required capacity, to make allowances for breakdown, 
absent workers, inexperienced workers, etc. Equipment 
will, therefore, have to be selected for an output of 156 
cases per day. 


The plans for the building are complete. It is to be 
erected several miles distant from the present plant so 
as to tap a different labor market. A modern building is 

ol 
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now going up on the new site, each floor of which is 50 feet wide by 
144 feet long. The long sides of the building are almost all glass so 
as to provide a maximum of light. 


You are an assistant foreman in the present plant and have been 
detailed to work with a shoe machinery expert in laying out the 
rew plant. This expert has worked with the architect in the design 
of the building, so it is admirably adapted for its purpose. He 
has already planned the general flow of work thru the plant and 
is now planning details for the cutting room, ete. 


The Layout of the Fitting Room. He will soon take up the 
fitting room—the department in which the uppers of a shoe are 
stitched and assembled ready to be attached to the soles. This 
department is to have a floor all to itself. Since this department 
will have women workers almost entirely, and is the only depart- 
ment in the factory that will employ many, the women’s rest room 
and hospital will be put on this floor. 

The process map above shows the operations that will have to be 
performed in this department. You have studied this map, and 
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have been granted this opportunity to use the data of the indus- 
trial engineer regarding the equipment needed for these operations, 
to plan a layout for this department. 


Certain principles will be followed. In the first place it has 
been found in the shoe industry that workers must not sit where 
their shadows fall on their work. For the operations planned for 
this department, it does not seem to make much difference whether 
the light falls from the right or left side or from the front, since 
the materials are not such as to throw a glare into the operator’s 
eyes, and the machines make little or no shadows. 





The experience of this company bears out the experience of many 
others that no operator should be more than 18 feet from a window. 
It is also shown that a most efficient drive is obtained by having 
one 114 H. P. motor for a group of 10 machines. These machines 
are usually placed on tables about 17 feet 6 inches long by 6 feet 
wide. This provides five machine positions, each 3 feet 6 inches 
long, on each side of the table. The motor and shafting which drive 
this group of machines are underneath the table. Such a table is 
illustrated in the cut opposite the first page of this problem. 
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These tables are placed some distance apart, since each operator 
requires about 3 feet of space back from the table and there must 
be room for trucks carrying racks on which the work is brought 
to the workers. The experience of this firm has been that it pays 
to have ample working room, and tables are, therefore, to be 
spaced so as to allow a total of about 6 feet back of each operating 
position. In other words, each table will be given a space of 
17 feet 6 inches by 18 feet. 

In addition to the necessary tables each one of which has space 
for 10 operators, there is to be a bench for four inspectors, and 
there is also to be a drier which, however, takes up little room and 
need not be considered in laying out the floor space. 

A foreman’s office must also be provided. It will take up a 
floor space of 18 feet by 18 feet, which will be railed off from the 
rest of the space. It should be located so as to interfere as little as 
possible with the flow of travel and yet be as central as possible so 
as to give the foreman easy supervision over all the operators. 

The working peper contains a drawing of the shoe which it is 
planned to manufacture and a description of each of the operations 
that are necessary. It also contains a list of the machines that 
are required for each operation, and their capacity. From this 
information you will be able to determine how many machines will 
be needed, and how much space and equipment must be provided. 

The working paper also gives the plan of the floor and of the 
working space that is left available after provision has been made 
for rest rooms, elevators, storage space, etc. 

As you plan-a layout for the department, you will follow the 
principles of continuous flow and minimum travel, but will be care- 
ful to apply these principles so as to give each operator the most 
effective working conditions. 

The procedure that you will follow here may be used in the 
layout: of any production department for any type of work, tho; 
of course, with some modification. Some of the more important 
modifications will be explained fully in the executive report. 
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CONTROL OF MATERIALS 
Paro 
THe Purcuastnc DEparTMENT 


O BUY needed materials of the right quality and 

at the right price and to secure deliveries of those 

materials at the right time and in the right quanti- 

ties are the primary functions of the purchasing depart- 

ment, as previously pointed out in Executive Manual 6, 

where we made a preliminary survey of the purchasing 
problem. 

How much more may be done in this department 
depends on the purchasing agent and on the organization 
of which he is a part. 

In some business organizations purchasing plays only a 
small part, as in a mercantile credit agency or a bank or 
an insurance office. In most lines of business, however, 
efficiency in purchasing plays an important part in earn- 
ing profits. So important is this department in many 
industrial concerns that the purchasing agent reports 
directly to the general manager, as shown on the general 
organization chart on page 14 of Executive Manual 33. 

In a large industrial plant, the purchasing agent 
co-operates closely with the works manager, with the 
engineering department, and with the treasurer. His 
many contacts with the outside world permit him to 
increase the prestige which his company enjoys, and he 
can bring many new ideas to the attention of his asso- 
ciates in other departments. 


The Aims and Qualifications of a Purchasing Agent. One 
representative purchasing agent stated the objectives of 
his department as follows: 

1. To get the highest possible value received for every dollar 

expended. 
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To render efficient service to the production department. 
To maintain his firm’s prestige in the business community 
by building up the good will of all with whom his depart- 
ment came in contact. 

He further stated that to accomplish these aims, a 
purchasing agent must possess the following qualifica- 
tions: 

1. Knowledge of markets. 

2. Familiarity with the manufacturing processes of his own 

company. 

3. Ability to establish a relationship of mutual profit with 

suppliers. 

4. Ability to serve the interests of both production and finan- 

cial departments. 

5. Personal integrity and loyalty. 


Establishing a Sound Relationship with Suppliers. Of the 
five qualifications cited, the third and fifth were ade- 
quately covered in Executive Manual 6. We should 
remember the great importance, in both buying and sell- 
ing, of having a business code based on honor. Now and 
then a purchasing agent is likely to be offered a more or 
less thinly disguised bribe. But few modern purchasing 
agents fail to realize that— 

A buyer is always expected to pay with interest for 
each unwarranted favor he receives. 

A purchasing agent who is known to be strictly impar- 
tial in his placing of orders, whose decisions are influenced 
only by the true facts in each case, commands the respect 
of high-grade suppliers, and his firm will receive the kind 
of treatment it desires from them. 

We should also remember the importance of insuring 
adequate sources of supply, as brought out in Executive 
Manual 6. This insurance requires willingness to pay a 
price which allows a fair profit to suppliers. A purchas- 
ing agent who is always shopping around for below-cost 
bargains from hard-pressed firms will find hard sledding 
in getting his orders filled in a sellers’ market—when there 
is competition for supplies among buyers. 
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The farsighted purchasing agent does not buy on 
price alone, even when he is assured of getting the qual- 
ity he desires. He is interested in establishing mutually 
profitable relationships with suppliers. 


As was also pointed out in Executive Manual 6, a 
purchasing agent must have sales ability. Efficient “buy- 
manship” requires ability to “sell” suppliers on giving 
their best service. 


ACTIVITIES OF THE PURCHASING DEPARTMENT 


In this manual we shall consider not only the general 
duties of the purchasing department but more par- 
ticularly the place which that department fills in the 
production-control plan. 

Let us first outline the main requirements and activi- 
ties of the purchasing department, as follows: 

1. A knowledge of the current and the probable future market 
and price conditions—passing on to all other departments 
such parts of this kind of information as may be profitably 
used by them. 

2. Statistical and reference files—as to sources of supply; 
record of past purchases, prices, quotations; data as to 
past consumption, probable future needs, etc. 

3. The collection of technical data—regarding materials, 
specifications, tests, etc. 

4, Requisition routine—checking requisitions to see that they 
are specific and that no mistakes are made, and recording 
and following up requisitions. 

5. The actual buying process—obtaining quotations, inter- 
viewing salesmen, placing orders, following up deliveries 
as to time and quality and quantity of goods delivered. 

6. Accounting within the purchasing department—listing re- 
ceipts and checking against orders and requisitions, check- 
ing prices, approving invoices, etc. 

7. Co-operation with the financial department—advising it of 
probable cash requirements to meet future invoices, timing 
the dates and terms of orders placed to fit the company’s 
probable cash on hand, etc. 

8. Keeping channels of supply open—as by guarding against 
placing all orders for an essential material with one sup- 


Principles and Standards 
of Purchasing Practice 


ADVOCATED BY 


National Association of — 
Purchasing Agents 


“THES” 
NATIONAL Gam 
‘ASSOCIATION OF 


LOYALTY TO HIS COMPANY 
JUSTICE TO THOSE WITH WHOM HE DEALS 
FAITH IN HIS PROFESSION 


From these principles are derwed the N.A.P.A. standards of purchasing practice. 


{1] To consider, first, the interests of his company 1n all transactions and to carry out and 
believe in its established policies, 

[2] To be receptive to competent counsel from his colleagues and to be guided by such 
counsel without impairing the dignity and responsibility of his office. 

{3] To buy without prejudice, seeking to obtain the maximum ultimate value for each dollar 
of expenditure 

{4] To strive consistently for knowledge of the matemals and processes of manufacture, 
and to establish practical methods for the conduct of his office. 


[5] To subscribe to and work for honesty and truth in buying and selling, and to denounce 
all forms and manifestations of commercial bribery 


[6] Toaccorda prompt and courteous reception, so far as conditions will permit, to all who 
call on a legitimate business mission. 


{7] To respect his obligations and to require that obligations to him and to his concern be 
respected, consistent with good business practice. 


[8] To avoid sharp practice. 


{9] To counsel and assist fellow purchasing agents in the performance of their duties, when- 
ever occasion permuts. 


{10} To co-operate with all organizations and individuals engaged in activities designed to 
enhance the development and standing of purchasing. 


WE SUBSCRIBE TO THESE STANDARDS 


ln 


b 





SOT ST SEEN 


The high ethical and business principles which the leading purchas- 
ing agents have followed for years, have been formulated into a “Creed” 
and adopted by the National Association of Purchasing Agents as a 
standard of conduct for the profession. You will find the above chart 
of principles displayed in many offices. 
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plier; at the same time guarding against scattering orders 
among suppliers so that none of them will feel that the 
purchasing agent is entitled to consideration as a “regular 
customer.” 


9. Keeping other departments informed—not only as to 
changes in price, but also in types or styles of goods that 
are purchased, as to improved material or devices offered, etc. 


10. Co-operating with production by providing deliveries of 
materials and supplies in accordance with shop needs, and 
by keeping the production departments advised of any de- 
lays, and of shipping dates on material that is specially 
needed. 


In view of the requirements and activities here out- 
lined, it is not surprising that the purchasing agent, in 
many organizations, is considered to be the most impor- 
tant production official next to the general manager and 
the works manager. Let us, therefore, further analyze 
the activities of this department in order to get a work- 
able grasp of this important function in production. 


Knowledge of Market Conditions. The purchasing 
agent is usually a close student of business trends. In 
Executive Manuals 3 and 4 we saw how changing busi- 
ness conditions tend to change prices. The purchasing 
agent watches these trends closely in order to know when 
he should get lower prices and when to anticipate price 
advances. He will study the general business indices, 
and will give special attention to the price trends of all 
the materials and supplies which he is in the market 
to buy. 


Statistics of prices and of production totals as related 
to, demand, as published in current periodicals, may 
seem dry reading, but their study guides the thoughtful 
purchasing agent and enables him to understand and 
anticipate changing conditions. 

The successful purchasing agent is a practical econ- 
omist with an intimate knowledge of the working of 
the law of supply and demand, as this law applies in 
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bringing about changes in the prices of the things he 
buys. 


A Knowledge of Sources of Supply. There are excellent 
published lists of suppliers for almost every line of trade; 
also, the advertisements in trade journals are a helpful 
source of information, particularly information about 
new materials and supplies which, if used, would lower 
producing costs. 


But such lists do not give the purchasing agent that 
intimate acquaintance with the facilities of suppliers, nor 
that knowledge of the specialties in which they excel, 
that he needs in order to buy most effectively. This 
kind of information is accumulated by the wide-awake 
purchasing agent out of his experience in contact with 
different suppliers, from interviews with salesmen, from 
personal inspections of suppliers’ plants, and in many 
other ways. He maintains his own records of informa- 
tion about all suppliers who promise to prove helpful to 
his firm, filing this information where it is readily availa- 
ble for use. 


Systematic accumulation of facts about suppliers is 
as important in buying as are accumulated facts 
about customers in selling. 

The purchasing department should maintain a bureau 
of information covering the sources of supply of all ma- 
terials and supplies of the business. These files will 
include all special information about suppliers as well as 
their catalogs—all facts that may help in buying, includ- 
ing facts about materials and supplies of all kinds used 
in the business, as well as facts about sources of supply. 
They will also include statistical data covering past pur- 
chases from each source—the quantities purchased, the 
prices paid, terms allowed, deliveries, ete. 


All this information is best kept in document cases or 
in filing cases designed to hold catalogs, circulars, leaflets, 
and sheets. A uniform style of container is advisable, 
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Classifying Buying Information. A mnemonic system 
of classification, which assists the memory, is recom- 
mended. In this system, classes of subjects are desig- 
nated by abbreviations, which give a hint of the words 
and are different enough from one another not to be 
confusing. (As an alternative method a system like the 
Dewey library system is commended, in which a certain 
number stands for a certain subject and decimals sig- 
nify subclassifications. ) 


As an example of the mnemonic system we might indi- 
cate vertical water-tube boilers by the symbol “BVWT” 
(“Boilers,” the general class; “Vertical,” the general 
type; and “Water Tube,” the specific type). All catalogs, 
specifications, data, etc., regarding vertical water-tube 
boilers would be found in that section of filing boxes 
marked with the symbol “BVWT,” and each individual 
catalog, circular, or sheet would be marked in the same 
manner. We must then have two alphabetical finding 
indexes, one set arranged by names of materials and 
articles, and the other arranged by names of firms or 
author, as shown on the two cards illustrated in Figures 
1 and 2. 














SUBJECT Water-tube boilers (vertical) 
SYMBOL BYWI 

NAME ADDRESS CAT. 
Wickes Bros. Saginaw, Mich. >» Wil 




















Figure 1. Index for information and catalog file in purchasing de- 
partment, Knowing the subject, one can locate the catalog, pamphlet, 
or book by means of this index. 
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NAME Wickes Bros. 
ADDRESS Saginaw, Mich. 


ARTICLES SYMBOL CAT. 











Water- tube boilers BYWT Wil 
(vertical) 














ment’s information and catalog file. Knowing the name of the firm or 
author, one can locate the catalog, pamphlet, or books by referring to 
this index. 

The method of filing above summarized is much better 
than the method, frequently used, in which catalogs are 
filed either by sizes or as they are received, and are num- 
bered consecutively. It is true that the index cards under 
this system will locate the catalogs and pamphlets, but 
the method illustrated in Figures 1 and 2 has the ad- 
vantage of automatically bringing together everything 
bearing on a given subject. The mnemonic system and 
the Dewey decimal system are flexible; the space allotted 
to any subject may be enlarged as the number of catalogs 
or papers on that subject increases. The tests of an effi- 
cient filing system are flexibility, expansibility, and, most 
important, ease in finding the desired information. 





MATERIAL Brass bars 











SIZE 1/2" round 
SUPPLIER Date of Quantity Unit Total 
Invoice Bought Price Price 
Bridgeport 1/15/24 560 Ib. 12 67.20 
Brass Co. 


Figure 3. Materials-purchased record, used as a statistical basis for 
estimating quantities of materials and supplies consumed in a given 
period of time, and showing also the past cost. 

Records of Former Purchases. Records of past pur- 


chases are valuable statistical data on which to base 
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estimates of future requirements and costs; also decisions 
on sources of supply. Such records should be classified 
by materials, and should show sources, quantity, and 
prices. Figure 3 shows a materials-purchased record, 
indexed by materials and with a separate card for each 
size of material. These records are filled out from cur- 
rent invoices, as they are received, by a clerk in the pur- 
chasing department who is responsible for keeping up 
the record. 


A Record of Quotations. It is desirable to have a record 
of quotations as well as a record of materials purchased. 
The reasogs for keeping a quotations record are— 


1. It gives in compact form the names of firms that have made 
quotations in the past and from whom quotations can be 
secured again. 


2. It shows what competitive prices were secured. 

The quotation record may be kept on cards or on loose 
leaves similar to the record of materials purchased, shown 
in Figure 3, the only difference being that usually not so 
many sizes and styles of material need be classified as in 
the record of actual purchases. 


Knowledge of Materials. Altho the purchasing agent 
cannot be expected to know the technology of a busi- 
ness with all the scientific accuracy that characterizes 
the technical knowledge of the chief chemist, the chief 
engineer, or the designers, he must have or acquire such 
a knowledge of the industry and its processes that he 
can pass intelligently on all buying questions relating 
to the materials and supplies he is called on to buy. 

The engineering department—or the proper technical 
department, whatever it is—should furnish the purchas- 
ing department standard specifications for all materials 
used in production. These specifications become part of 
the records in the purchasing department files. 

The purchasing agent should also receive results of 
all inspection and laboratory tests of materials for his 
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information and guidance. He must know also how 
these materials are to be used. The suppliers’ salesmen 
can usually contribute ideas regarding new uses and new 
methods. A purchasing agent who understands his firm’s 
problems can pick up and pass on much helpful infor- 
mation about materials. 


Requisition Routine. The purchasing department does 
not, as arule, buy things on its own initiative. It is true 
that the purchasing agent will often take the initiative 
in suggesting that prices or other conditions make it 
desirable to anticipate the company’s needs for materials. 
In some cases the purchasing agent is even given author- 
ity to make such purchases without O.K.’s from higher 
officials. But, in general, the purchasing department 
buys only after it has received an approved requisition. 

General management usually designates a list of de- 
partment heads who are authorized to make requisitions 
on the purchasing department. 

In many organizations most requisitions come from the 
stores-department head, who is responsible for maintain- 
ing a stock of all materials and supplies needed. Such 
requisitions should bear the signature of the department 
head and be countersigned by either the works manager 
or the office manager to show that he has approved them. 

Requisitions usually state definitely what is wanted. 
It is customary, however, not only to allow the purchas- 
ing manager to suggest changes in requisitions, but also 
to encourage him to do so. Such suggestions lead to a 
mutual understanding, which cannot be gained if the 
purchasing agent is compelled to buy, without questions, 
exactly what is specified. But— 

There should never be any departure from the speci- 
fications of the requisition when it has once been 
finally approved. 

In each department certain men are authorized to 
write requisitions. Such requisitions should be on a 
standard form, of which a sample is shown as Figure 4. 
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REQUISITION 


REQUESTED BY DEPY. NO. 
THAT THE FOLLOWING ITEMS BE PURCHASED FOR 








PURCHASE OF 





Figure 4. A typical requisition form. 


This requisition is usually signed by the department 
head, and often it must be O.K.’d in the engineering 
department; also in many cases it must be passed upon 
by the works manager, or the office manager, or the gen- 
eral manager before it goes to the purchasing department 
for buying action. 


Purchase Orders. In some lines of business the requi- 
sition is written out in manifold copies, and one copy 1s 
used as the purchasing agent’s order to the supplier. 
This, however, is unusual practice. Usually, after the 
purchasing department has decided where to buy the 
goods, a purchase order is made out which describes the 
goods very definitely, as shown in Figure 5. The orig- 
inal of this purchase order is sent to the suppliers, while 
several duplicate copies are filed for reference. 

One method of filing copies of the purchase order is 
by the departments from which the requisitions emanate. 
It is customary to file both the requisitions and the cor- 
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PUT THI8 ORDER NUM- 
BER ON YOUR INVOICE 














GOOD MUST BE SHIPPED TO ALACH NEW HAVEN NOT LATER THAR conte ~ rd 


ORDER SUBJECT TO CONDITIONS PRINTED ON OTHER SIDE Tar AcME Wine Co. 
ACCEPTANCE OF THLG ORDER CONBTITUTES ACCEPTANCE OF ALL ITS TEAMS 


PLEASE NOTE INSTRUCTIONS CAREFULLY 
— 


PLEASE RETURN THIS BLANK TO US 


WE BEG TO ACKNOWLEDGE RECEIPT OF YOUR ORDER AND SHIPMENT OF SAME WILL BE MADE 


state DEFINITELY on WHAT DATE YOU WILL SHIP 


AT ONCE OR AS BOON 49 POSSIBLE 18 NOT BATISFACTORY 


“NO 





Figure 5. <A typical purchase order. This form is prepared in quad- 
ruplicate. 


responding purchase orders, according to the departments 
from which they emanate, in one “jacket,” keeping them 
together for convenient reference. 


The purchasing department should also have a refer- 
ence index or finding list for purchase orders. This index 
is arranged— 


1. By names of firms to whom the orders were sent. 
2. By purchase-order number. 


Thus there is ready reference to the outstanding orders 
which each supplier has not yet filled, and a purchase 
order can be readily located when its number is given. 
Such a “cross-reference” index can be written up in a 
loose-leaf index or on a card index, or the same purpose 
is fulfilled by filing an extra carbon copy of the purchase 


THE PURCHASING DEPARTMENT 13 


order alphabetically by name of supplier, and another 
In numerical order. 


Following Up Purchase Orders. An important function 
of the purchasing department is performed by the use 
of a “tickler file.” 

To get the goods at the right time is one of the most 
important functions of the purchasing department. In 
purchasing materials and supplies of many kinds, it is 
necessary to remember that— . 

Delay in deliveries may have a far more serious 
effect in the way of increasing costs of production 
than would the payment of higher prices for prompt 
deliveries. 

A tickler file may have a compartment for each day, 
or it may be of the visible-index type. A copy of the 
purchase order is filed in this tickler, to be drawn out on 
the day when promise of shipment or notice of shipment 
should have been received. 

If a definite promise or a notice of shipment has not 
then been received, a follow-up letter may be written, 
or a telephone inquiry made, and the papers are again 
filed under a new date in the tickler file, to come up 
for attention at the new date. 

In case the first formal follow-up letter or card does 
not bring a prompt reply, the next follow-up letter or 
telegram, in a series of carefully worded form letters and 
telegrams, can be sent. This series of follow-ups usually 
ends in a cancellation of the order (provided goods can 
be obtained elsewhere), as a penalty for the supplier’s 
failure to live up to his agreements as to delivery. Fol- 
low-up correspondence of this kind can also, of course, 
be written individually, but usually expense is saved by 
using carefully prepared form letters. How to write 
effective letters of all kinds is explained in a later section 
of this training service. The records of various sup- 
pliers in keeping their promises of delivery are important 
items in the purchasing department’s information files. 
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THE ART OF BUYING 


The routine of buying, just described, took us to the 
issuing of the purchase order. But before the order is 
placed with a supplier, an agreement must be reached 
with that supplier to furnish the specified goods at a 
stated price and within a definite time limit. Agree- 
ments of this kind call into play the art of buying, which 
art is as important to the buyer as the art of salesman- 
ship is to the salesman. 

The main test of the value of a purchasing agent 
to his firm is his efficiency in the art of buying 
advantageously. ‘ 

As a rule, the purchasing department’s experience and 
its information files narrow down the choice of suppliers 
to a comparatively small number for each class of goods 
purchased. These few suppliers are usually asked to 
send in competitive bids. 


Price, delivery, possible delays, and the general stand- 
ing of the bidders are then considered before a decision 
is reached. 


That simple procedure sounds far easier than it is. 
Qualities and type of goods vary. All have their special 
talking points—and enthusiastic salesmen make the most 
of those points of excellence. Also, a salesman is con- 
stantly tempted to promise deliveries which will be diffi- 
cult to make. Furthermore, the asking price of some of 
the prospective suppliers is not always the lowest bid 
they will make for the order. 


A purchasing agent, like a salesman, must be a student 
of human nature. He must be able to gain the confi- 
dence of salesmen and to get their good will toward him 
and his firm. His is the task of picking out the best of 
competing suppliers on the basis of what they actually 
can and will do for his firm, and he must not let the 
personality of a salesman influence him unduly, either 
favorably or unfavorably; for the salesman with the 
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poorest personality may represent a supplier who can 
and will give most and do most for the money. 


It is customary among purchasing agents to consider 
all quotations as confidential information, and it is bad 
practice to try to get a supplier to cut the price at which 
he bids for the order, on the ground that another sup- 
plier’s price is below his, perhaps naming the other sup- 
plier. Suppliers and their salesmen soon find out when 
buyers do not treat their bids confidentially, and it is 
difficult for those buyers to get satisfactory bids, especially 
when goods are scarce. 


The purchasing agent must know exactly when the 
materials will be required by the shop. This will assist 
him very much in negotiating with the suppliers, for 
oftentimes he can make more favorable arrangements 
when the supplier is permitted to ship on dates which 
suit his convenience, yet are early enough to meet the 
shop’s needs. 


Two Buying Policies. There are two distinct policies 
observed in the matter of delegating responsibility to the 
purchasing agent. One is to limit the purchasing agent 
to the buying of materials at such times and in such 
quantities as requisitions from store and operating de- 
partments may specify. The other policy encourages the 
purchasing agent to study the market conditions and to 
recommend purchases at times when prices are low. 

Those who favor the first policy contend that to buy 
in accordance with market conditions is to place the pur- 
chasing function in the field of speculation, where, they 
say, it does not belong. 

Where production is variable and it is difficult to 
determine the requirements in advance even approxi- 
mately, the nonspeculative policy is necessary. But 
where records of former purchases, the data regarding 
orders in hand, and the probable production of the next 
six months or a year form a reliable basis for a fairly 
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accurate estimate of the materials required for this 
period, the second policy of buying when the market is 
low is frequently adopted. 

This speculative policy, when it involves outright pur- 
chase in advance of requirements, means that sufficient 
funds must be available, in the form of cash on hand or 
borrowing capacity, to pay for the larger stocks of ma- 
terials and for carrying the stock in storage. Larger 
storage space is required, but is used to capacity only 
part of the time. 


Contract Buying. To contract at one time for future 
deliveries of materials or supplies at prices agreed upon 
in advance is common practice in some lines. 

In buying copper wire, copper and brass bar stock, 
steel and iron shapes and angles, and sheet steel, con- 
tracts can be made calling for the delivery of a certain 
weight or tonnage of materials of certain specifications 
within a specified time at a price which is specified as 
so many cents a pound (or dollars a ton) above the cur- 
rent “base” price of the raw materials at the date when 
shipment is to be made. Thus the price changes with 
fluctuations in the raw-material market, but the manu- 
facturing service of the supplier is purchased at a fixed 
price. The buyer may, in turn, raise or lower his own 
prices to cover changes in the market value of the raw 
material his product contains. 

Under another form of contract, running usually for 
a shorter time, the supplier may agree to furnish the 
goods at a specified unit price, the seller assuming the 
risk of a rise in the market price, and the buyer assuming 

the risk of a fall. 


Co-operation of Purchasing and Financing. Every pur- 
chase order sent out means, in the near future, an invoice 
covering goods received, which must be paid; therefore, 
the necessity of close co-operation between purchasing 
and financing. 
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Usually requisitions which call for purchases above a 
certain amount must be approved by the financial execu- 
tive of the company. On every purchase which commits 
his company to large future payments, the purchasing 
agent, in nearly all cases, will consult the treasurer 
of the company. He knows how important in buying 
advantageously is his firm’s reputation for promptly 
meeting financial obligations. 

In every practical way, a wide-awake purchasing 
agent seeks to build up good will toward his com- 
pany on the part of suppliers, so that he can buy 
from them more advantageously. 

In nearly all cases the purchasing agent sends the 
treasurer’s department a copy of all purchase orders with 
the exact amount to be paid noted thereon (or as close 
an estimate as possible), so that the treasurer may be 
advised in advance about all incoming invoices and be 
prepared to take care of payments promptly, taking the 
fullest advantage of cash discounts. 


The purchasing agent is also often made responsible 
for checking the invoices received to insure that the 
prices and terms are those agreed upon, and is also often 
made responsible for checking the invoices with the 
receiving department records to insure that all goods 
have actually been delivered. 


Insuring Constant Sources of Supply. On his way home 
from his office, a purchasing agent was delayed by a fire 
that completely destroyed a large building. His firm had 
no direct interest in this fire, but he asked himself, 
“What if that fire were to spread to a near-by foundry 
where we have for years been buying those intricate cast- 
ings which would be very difficult to buy elsewhere?” 


That question led him forthwith to have duplicate pat- 
terns and core boxes made, and to find another foundry 
that would also become expert in making these difficult 
castings. 
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It is advisable to guard against all hazards that may 
cut off the supply of important materials and parts. 

A purchasing agent in a small company required cer- 
tain spun-brass parts, which were supplied by a large 
producer on a yearly contract at a fair average price. In 
years of business depression this purchasing agent was 
besieged by salesmen from small manufacturers who 
offered low prices for an order, prices below the contract 
price of the large producer. But in years of depression, 
as well as in more prosperous years, the large producer 
got this contract, because this purchasing agent applied 
an important principle of efficient purchasing. He con- 
sidered certainty of supply more important than tem- 
porary price advantages. Let us remember that in buy- 
ing materials and parts of many kinds— 

Absolutely dependable sources of supplies must be 
counted as assets that are above temporary savings. 


Other Responsibilities of the Purchasing Department. A 
purchasing agent, with his door open to salesmen and his 
eye open to advertisements—both being good sources of 
information about new goods and new methods—is 
greatly remiss unless all the new ideas that appear feasi- 
ble are brought to the attention of his associates in the 
shop, in the engineer’s office, and in the general office. 
That is naturally a responsibility of the purchasing de- 
partment. 

In addition to the more direct purchasing responsi- 
bilities explained in preceding pages, control of certain 
related activities are sometimes placed in this depart- 
ment, such as— 

Receiving. 
Stores. 
Traffic. 
Inspection. 

In commercial businesses, receiving and stores are 
activities often placed in the purchasing department. In 
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industrial plants, however, it is more usual to place them 
under the works manager. 


Where incoming shipments are the largest part of a 
company’s traffic, it may be advisable to place the traffic 
responsibility in the purchasing department. But in 
most cases, particularly where outgoing as well as incom- 
ing shipments are large, traffic management is best placed 
in a traffic department, having the traffic manager report 
directly to the general manager. 

Inspection, especially in industrial plants, is usually 
much more than checking up the quality of incoming 
material, and this function of management is usually 
placed under the works manager, especially so in cases 
where the receiving and stores departments are under the 
works manager. 


Developing Understudies. A special responsibility of 
the purchasing agent is that of developing understudies. 
While the principle of developing understudies is impor- 
tant in every department, it is particularly important in 
this department, because a purchasing agent has to con- 
duct many personal or telephone negotiations which 
cannot be interrupted. Also, his duties not infrequently 
take him out of his office. During such times, many 
other important matters are coming up for immediate 
decision and action. Hence it is important that the pur- 
chasing agent train and develop understudies who can 
take his place in handling any important matters which 
may arise. 


Purchasing a Factor in All Business. When industrial 
plants started to make a scientific investigation of their 
purchasing problems, they studied the policies and meth- 
ods of commercial buyers, because they knew that many 
commercial successes were the result primarily of the 
buying skill of their founders. Buying skill is yet found 
to be more highly developed in commercial than in indus- 
trial organizations, because in the retail store, for ex- 
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ample, success depends as much upon efficient buying as 
~ upon efficient selling. It may be said, in fact, that— 
A merchant cannot profitably sell the right goods 
at the right prices unless he has first bought the 
right goods at the right price. 

However, managers of commercial enterprises are now 
finding it profitable to study the scientific methods em- 
ployed by industrial purchasing agents. Retail or whole- 
sale merchandise managers realize, with new force, the 
importance of some of the older buying principles when 
they see them applied by modern purchasing agents in 
industrial concerns. 

Every business has a buying as well as a selling prob- 
lem. Every individual worker has buying and selling 
problems of a personal nature. The opportunity for 
applying sound principles which underlie successful buy- 
ing is a broad one and is open to all. Every business and 
every person should strive to be a better buyer. Better 
buying implies better selling—and it compels better 
selling. 

While more attention is ordinarily paid to selling 
than to buying, let us not forget that buying, as well as 
selling, has a direct influence on net profits. 


There is another side to the control of materials, tech- 
nically called “stores.” The larger and many of the 
smaller industrial plants have well-organized stores 
departments which have the special responsibility of 
providing space and security for materials and supplies 
purchased and for partly finished and finished parts that 
are held temporarily before being again put into work. 
In Part II we shall analyze the functions and methods 
of a well-organized stores department. The principles 
that govern the efficient handling of stores in manufac- 
turing concerns, as brought out in Part II, are broadly 
applicable in every line of business. 


CONTROL OF MATERIALS 
Parte Lr 
TuHeE Srores DepaRTMENT 


UMBER is money: Silk is money. Castings are 

money. All materials are money; that is, they 

_ represent the working capital tied up in them. 

Having more lumber or silk or castings on hand than is 

needed means that more money is tied up in them than 
is necessary, which is a drain on working capital. 


Financial Importance of Materials. In many other ways 
material is as important as is cash. Silk or any other 
material that has been allowed to spoil causes as actual 
a money loss as an uncollectible account, and the pilfer- 
ing of expensive parts for the junk brass they contain is 
no less serious than making away with the pay-roll funds. 

High-grade men are employed to care for and keep 
accurate records of the company’s cash, yet the same 
company’s materials, supplies, finished parts, and finished 
product, which may represent from fifty to one hundred 
times as much money as the company’s cash on hand and 
in bank, are often left to the care of inadequate and 
careless help. 

Stores represent money. A cashier’s office, manned by 
help who could not tell the difference between good and 
bad money, whose cash drawer did not balance with the 
petty cash account, and who could not account for re- 
ceipts and disbursements, would not be tolerated; yet 
many large industrial establishments put men in charge 
of their materials who handle the stock in just such an 
inefficient manner. 


Goods, whether raw materials, partly finished, or 
ready to ship, are, if in perfect condition and up to 
date, as truly quick assets as are cash and accounts 
receivable, and require as faithful and intelligent 
handling, supervision, and safekeeping. 
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Thus the executive in charge of stores is responsible 
for the safekeeping of all goods stored. He will also 
watch stocks of materials and supplies to insure as rapid 
a rate of turnover of the working capital they represent 
as 1s consistent with maintaining a supply of material 
which is adequate for all needs. 


Maintaining Adequate Stocks of Materials. The old say- 
ing that “time is money” applies with special force in a 
manufacturing plant. Nowhere else can delay cause 
more serious direct and indirect losses. 

The failure to have certain special metal castings may 
delay the completion of a turbo-generator governor, and 
that may, in turn, delay the completion of a larger power 
plant, which may involve the loss of a very large amount 
of money. Again, if, just when the shop is busiest, the 
supply of rivets runs out, much idleness may result in 
the plant while the purchasing agent and works manager 
are frantically searching for a sufficient local supply to 
continue production. Not only do costs pile up, but also 
the morale of the workers suffers. All because the store- 
keeper suddenly and unexpectedly finds that rivets are 
all out of stock. 

Management of stores guards against such losses by 
“stocking up” on all needed materials in advance, using 
a system of stock keeping which automatically maintains 
a certain safe minimum of stock on hand. 

Materials and supplies for any production program can 
almost always be accurately determined in advance, and 
there is in nearly all cases no good excuse for being short 
of needed stock. Management of stores recognizes the 
fact that— 


Having sufficient material constantly on hand to 
meet current needs is necessary to reduce idle time 
of plant and men—one of the greatest sources of 
loss in industry. 
It is apparent that the responsibilities of the stores 
department, as a factor in attaining low-cost production, 
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are of great importance. Let us, therefore, consider care- 
fully the organization and the routine of this depart- 
ment, with a view toward gaining a practical under- 
standing of how these responsibilities are successfully 
handled. 

We shall also see the facilities with which this depart- 
ment must be provided in order to do its work effec- 
tively; and we shall gain a more complete understanding 
of the responsibilities of this department, including its 
responsibility in serving other departments, and how its 
records serve in adjusting insurance losses; in short, we 
shall find out how production management functions in 
its control of materials. 


What Is Control? Let us first make sure that we under- 
stand the full meaning of the word “control” as used by 
the industrial engineer. Consider the following defi- 
nition: 

Control is the process by which an executive keeps 
in touch with, supervises, and directs the conditions 
and activities for which he is responsible and the 
procedure thru which he puts his plans and policies 
into effect. 

Let us study that definition carefully, because the word 
“control” is used in business in many different connec- 
tions, and we should be sure to understand its real 
meaning. 

Accountants often use this word. They speak of inven- 
tory control, accounts-receivable control, etc., and they 
mean the processes by which a responsible executive 
keeps in touch with the present condition of the inven- 
tory, of the accounts receivable, ete. With this knowl- 
edge as a guide, the executive then directs the work for 
which he is responsible and establishes the procedures 
thru which he puts his plans and policies into effect. All 
this is included in the idea of control, as here defined. 
Note also some things which are not, by themselves, 


control. 
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Control is not a system of bookkeeping, nor of shop or 
office routine, altho such systems serve as a basis for 
effective executive control. 


Control is not a series of more or less arbitrary com- 
mands based on snap judgments. But control always has 
in it the element of authority which enforces decisions 
and carries out plans. 


Control is not a code of laws, nor of rules and regula- 
tions, tho it is true that a series of standardized pro- 
cedures almost always define the methods by which the 
control process operates. 


Control does not mean a lot of data or statistics that 
are too old to be useful in detecting troubles before they 
result in serious losses; but it does provide the executive 
with condensed facts and figures concerning current con- 
ditions which are useful in reporting trouble before it 
results in serious losses. 


What Is Material Control? Let us now apply our defi- 
nition of control to the stores department. 


Material control is the process by which a responsible 
executive (the general manager, the works manager, or 
the production manager), thru responsible subordinates, 
and by means of a carefully planned system which is 
conscientiously carried out, keeps constantly in touch 
with the amount of all materials on hand and their con- 
dition, the amounts which will be required over a definite 
period of time, the amounts that have been ordered and 
the time when they will arrive, and the costs of all 
materials. 


And that is not all. Materials control also includes 
supervision over all the materials, over the facilities for 
handling and storing them, over the men who do this 
work, and over the methods which they follow and the 
policies they carry out. 


Materials control also means an intelligent use of all 
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the information and facilities just mentioned in carrying 
out two basic ideas emphasized in preceding pages: 
1. That stores represent money. 
2. That production must not be delayed for lack of materials 
or supplies 
Now, if the meaning of control is not entirely clear, 
study again the meaning of this important term. It is 
very important. In fact, the work of every executive 
may be grouped under two heads: 
1. Development. 
2. Control. 


Let us here note the fact that— 


It is thru control of materials, of planning, of labor, 
and of overhead that production management gauges 
and directs the attainment of low-cost production of 
the correct quantity and quality of products. 

By control thru costs, a subject to be taken up in 
Executive Manuals 37 and 38, management gains a 
dollars-and-cents control thru which its success in exer- 
cising the more specific controls just mentioned can ke 
measured. 


LOCATION AND EQUIPMENT OF STORES DEPARTMENT 


We are now ready to take up our analysis of materials 
control, including, first, the location and equipment of 
the stores department; then we shall consider the 
handling of materials; systems used in storing, recording, 
accounting for, and handling materials; perpetual inven- 
tories; etc. We shall gain a practical understanding of 
materials control in detail, and this will be an important 
part of our training for executive work, because the 
proper control of materials and supplies is an important 
executive problem in nearly all business concerns. We 
can best learn how to handle this problem efficiently by 
studying it as handled in a large industrial plant where 
it is a problem of relatively great importance and is 
made the responsibility of a separate department. 
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The Location of the Storerooms. While the records of 
the stores department may all be kept in one place, stores 
of materials and supplies may have to be distributed in 
various rooms or buildings to be conveniently located for 
the efficient handling of materials. If this is the case, 
each separate storeroom will require certain clerical and 
manual labor, but all the storerooms will be under the 
supervision of the general head of the stores department. 


Stores of castings are often best located near the first 
machining processes; bar stock for forging, near the 
forge shop; while finished machined parts may best be 
stored midway between the machine tools and the assem- 
bling and erecting departments. Finished products are 
almost always stored adjacent to the shipping depart- 
ment. 


In Executive Manual 35, where we studied plant lay- 
out, we saw how important is the principle of minimum 
travel of materials. Application of this principle in many 
cases requires the use of several separate storerooms. 
But it is well to remember that— 

The stores department can be most efficiently admin- 
istered if all the goods, and the help needed in 
handling them, are, so far as practical, centered into 
one storage room or a series of rooms grouped close 
together. 

The layout shown in Figure 5 on page 19 of Execu- 
tive Manual 35 illustrates an effective compromise be- 
tween separated and centralized storerooms. There 
the storerooms for raw materials and supplies are located 
alongside of each other, and the parts and the subassem- 
bly storerooms are similarly grouped, without, however, 
interfering with the natural flow of manufacturing. 


An effective plan, often used, is to put the storerooms 
on the dark side or in the center of each floor in a multi- 
floor building, and close to the freight elevators. So 
located, the storerooms, especially when located in the 
center of each floor, are likely to be conveniently located; 
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and they occupy the less valuable, poorly lighted manu- 
facturing space. 


The Storeroom Equipment. Careful attention must be 
given to the shape, size, and equipment of storerooms 
and store buildings in an industrial plant. Overcrowding 
should be avoided. There must be room for trucks to 
pass thru the aisles. There must be room for expansion, 
and often bins and racks must be specially designed for . 
particular purposes. 


A pneumatic-tube system between all the departments 
concerned with material records, or some other inex- 
pensive and fast means of delivering. the records, is 
desirable. It permits a more continuous and prompt 
accounting system than does the slower factory mail- 
delivery system. Dumb-waiters to various floors and 
cable-driven baskets for conveying light goods are often 
used to great advantage. 

Altho it is not necessary to have good natural light in 
storerooms, as previously suggested, yet adequate light- 
ing should be provided for all working spaces. 


The storeroom fixtures—shelving, bins, racks, bin fill- 
ers, drawers, and the like—should all be carefully designed 
or selected to fit the needs as determined by the shape, 
size, quantities, necessity of protection against deteriora- 
tion, etc., of the goods to be stored, applying the following 
principle: 

Fixtures should be designed to store a maximum 
amount of goods for each foot of floor space and at 
the same time give easy access to the goods. 

Application of this principle underlies the use of many 
fixtures that are “tailor made” for their purposes. But 
in nearly all cases, we cannot be so certain of future 
developments as to justify us in overlooking another prin- 
ciple, application of which may modify our application 
of the foregoing principle. It may be called the principle 
of expansibility and interchangeability. 
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Buildings and fixtures should be laid out and built 
with a view to possible expansion and possible 
change in use. 

The makers of metal shelving and racks have given 
much study to the design of storeroom equipment which 
will store a maximum of goods in a minimum of space, 
and which can also be readily adapted for new uses. 
Their catalogs give many valuable ideas along these lines. 


Each drawer, bin, or section of rack is usually provided 
with some device to hold a tag or card which bears the 
name and symbol of the article stored in it, and often 
space is provided on the tag or card for a record of addi- 
tions to and withdrawals from the stock. 


Stores and Material Handling. There are many oppor- 
tunities to effect a saving in labor and other economies 
in handling the materials as they come from the receiv- 
ing department, as they are put into the storeroom, and 
as they are later taken from storage and delivered to the 
various departments. 

Trucks of various kinds, industrial railways, conveyor 
belts, hoists, cranes, and the like often prove to be very 
profitable investments even in many cases where me- 
chanical conveying and lifting equipment is not abso- 
lutely necessary. 

The problem of handling materials is so closely related 
to the general problems of stores management that in 
most cases it is assigned to the stores department, altho 
sometimes a “move-materials man” is appointed to be in 
charge of all interdepartmental movements of material, 
and the various truckers all work under his control. 


How Material-Control Systems Vary. In a continuous- 
process industry of the analytic (taking apart) type, 
such as in a flour mill or a meat-packing plant, it is a 
comparatively simple matter to provide sufficient storage 
capacity to avoid a shutdown from lack of raw materials 
and supplies and to arrange for a steady flow of materials 
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and supplies to correspond to the output, once the 
capacity of the plant has been determined. 

In a synthetic (putting together) industry, of an 
assembling nature, the problem of providing the materials 
In proper quantity at the right times and places is more 
complex. But where the finished product is composed 
of a narrow range of styles or sizes of a standard product, 
such as typewriters or sewing machines, the requirements 
can be fairly well anticipated for a considerable future 
period. 

Where, however, the products are made up after they 
have been ordered, as in the case of many kinds of ma- 
chinery, only a portion of the parts are made up in quan- 
tity for stock, and work on the larger and more expensive 
parts in particular is not started until sales are made. 
The problem of stores control then becomes still more 
involved. 

In assembling a standardized product for stock, the 
executive who is responsible for stores is usually responsi- 
ble only for safeguarding the raw materials and parts that 
are in his charge, while the responsibility for ordering 
raw materials and for manufacturing all needed parts 
rests on the general manager and the works manager. 
In manufacturing to fill orders, however, the responsi- 
bility for having parts and materials on hand, ready to 
make up customers’ orders, is usually placed on the 
_ stores-record clerk or storekeeper. 

Let us now consider the system of stores accounting 
employed in a stores department where the responsibili- 
ties are relatively broad. 


STORES ACCOUNTING 


An efficient system of stores accounting provides the 
means of answering the following questions: 

1. What materials have been bought? 

2. On whose authority were they bought? 

8. What unfilled orders for materials are outstanding? 
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What materials have been disbursed? 
To what person, order, or account have all materials dis- 
bursed been charged? 

6. What materials are required for present and future pro- 

duction orders? 

7. What quantity of each kind of material is actually on hand? 

8. What is the balance (or shortage) with regard to each 

item after deducting reserve for orders on hand. 

Moreover, the unit price must be known for every 
item so that a money value can be determined. There 
is great value in using correct methods of stores account- 
ing which answer the foregoing questions. 

An automobile manufacturer placed his orders well 
ahead of his needs for all the parts he bought. The firm 
that supplied the carburetors delivered hardly half the 
number of carburetors contracted for, and the stores- 
control system used by this automobile manufacturer 
was so faulty that the shortage was not discovered until 
the stock of carburetors was exhausted—right in the midst 
of the busiest season. It took this manufacturer more 
than a year to regain the ground he lost by his inability 
to make deliveries while waiting for carburetors. 

The concern that lacks an efficient plan of account- 
ing for materials thereby risks incurring serious 
losses. 

Specifying the Materials. The basis on which all 
materials required for production are ordered is a bill of 
materials as determined by the design of the product. 
This bill of materials is therefore usually prepared in 
the designing engineer’s office. Itisa complete list of all 
the individual component pieces which, when properly 
put together, constitute the finished product. 

Material lists, based on the bill of materials, are pre- 
pared for each production order, showing the parts that 
are required on it. No matter what the class of manu- 
facturing, complete and detailed material lists should be 
prepared by a person, or department, who is well qualified 
for this work and to whom all production orders should go. 


Tes 
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Omissions are likely to be found in a bill of materials 
and in material lists when the production is under way. 
Bills of materials should be carefully checked for omis- 
sions and should be corrected before being used again as 
the basis for orders. 


MATERIAL LIST 


‘Material required for Shop Order No. 
List Issued _ 


Number of Batches 
Number in one Batch. 


Checked by Date wanted 





Figure 6. A material list on which are listed all the material and 
parts needed to manufacture one or more assembled parts or complete 
machines, 

Figure 6 shows the form of a material list used in a 
concern that builds machinery and keeps an accurate 
account of materials. A number is used to identify the 
material list so that, if the product is standardized, the 
list can be used again, and may serve for reference in 
ordering repair parts. The number of the order for which 
this list of materials is used is given, and the date on 
which the sheets are issued is shown; also the number of 
sheets issued in this material list. 
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Then follows the list of separate material items that 
will be required, giving the quantity of each, the name, 
the material of which it is made, the symbol, the pattern 
number, the drawing number covering each individual 
piece. The material list is signed by the responsible 
official or department head after it has been checked 
against the bill of materials, and in some cases against 
the design. 

This latter checking is important where changes in 
design are sometimes desirable. For instance, it may be 
planned to replace a bronze fitting by a malleable-iron 
fitting, or a wrought-iron piece by a steel piece, yet the 
change may not be known to the order clerk when the 
material list for a new order is being prepared. Check- 
ing at this point—before the material list goes to the 
order clerk—frequently prevents changes while the work 
is In process, and thus prevents waste of material, labor, 
and clerks’ time. Moreover, the knowledge that the bill 
of materials and the material lists have been carefully 
checked for accuracy and completeness has an excellent 
effect on the shop. It shows that the management knows 
what it wants and expects to get exactly what is specified 
and nothing else. 

With a complete collection of material lists it is evi- 
dent that we have a reliable basis for a system of order- 
ing, receiving, storing, replenishing, and recording our 
materials, since these lists cover everything in the way 
of raw materials, supplies, and finished parts built in the 
establishment’s own shop, as well as the finished parts 
bought outside, that ‘go into the finished product. 


Relation of Material Records to Various Departments. 
Figure 7 illustrates how orders for materials originate, 
how they are handled, and, in short, how the material 
records are affected by the activities of the various depart- 
ments. 

Orders go into the shop via Path 1 when the sales 
department turns over its contracts to the order depart- 
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Figure 7. Chart illustrating relation and flow of material records and 
orders to the various departments of an industrial plant. Numbers 
1 to 16 indicate paths of flow. 


ment, and via Path 2 when the manufacturing committee 
decides on a general manufacturing program, or the mak- 
ing of some product or parts for stock, and advises the 
order department of its decisions. . 

Path 3 shows that these orders are then turned over 
to the technical department (which in a machine-build- 
ing company is the designing department) where some 
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one man, or men, is responsible for preparing bills of 
materials. 

The bills of materials then follow Path 4 to the stores 
clerks in charge of records, who determine from their 
perpetual inventory sheets (explained later on) what 
materials must be bought, what materials are in stock, 
and what items must be made up in the shop. 


The materials to be purchased are requisitioned from 
the purchasing agent, as shown by Path do, and Path 7 
shows how the storeroom may be instructed to reserve 
the parts for these orders, should this be necessary to 
insure that the orders may be filled as planned. 


The stores-record department also starts production 
orders to make up detail parts on stock orders, to replen- 
ish the storeroom stock of parts, or to make special parts 
for orders, as shown by Path 6. 


The purchasing department notifies the receiving 
department of outstanding purchase orders, as shown by 
Path 8; and the receiving department, on receipt of the 
goods, sends them to the stores department, as shown by 
Path 10, at the same time notifying the purchasing and 
accounting departments. 


Paths 9 and 11 show how the production orders for 
component parts are sent to the shops, and how the parts 
are sent to the storeroom after having been inspected. 

Path 12 shows the parts and groups issued to other 
shop departments for assembly and erection, after which 
the completed product is taken via Path 13 to the store- 
room for finished stock. From here the finished product 
goes to the shipping department (Path 14) and thence 
(Path 16) to the customers. 

Path 15 shows that a notification of shipment is sent 
to the billing or accounting department, which, in turn, 
notifies the customer of the shipment. 

At some of these stations, carbon copies of the notifi- 
cation are prepared and sent to the cost, the planning, 
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and the tracing departments, but we are not yet con- 
cerned with these departments. What we are primarily 
interested in here is the course-of-material and the record- 
of-material balances. We must not overlook our principal 
alms: 
i. To maintain an adequate stock of materials and parts so 
as not to delay production. 
2. To conserve in every way the money values which the 
stores of materials and supplies represent. 
The fact that material records show a unit price for 
each article handled enables us to know— 
1. The money value of the materials received each day or 
month. 
2. The value of materials to be charged to work in process. 
3. The value of the materials which have been converted into 
finished stock. 


From the standpoint of accounting and statistical con- 
trol (a subject to be treated in detail later on) the show- 
ing of unit prices has great value, for it puts us into a 
position to determine the money value of our stores of 
materials and supplies, of our work in process, and of our 
finished stock on hand. Having these money values, we 
can prepare a complete monthly balance sheet of the 
entire business instead of waiting for an annual physical 
inventory. 

We have seen how the material lists specify the mate- 
rials needed for the order that is to be filled. All these 
specified materials and supplies are accumulated in the 
storerooms, with usually some to spare in anticipation of 
future needs. 

After the goods come in, how shall we keep account of 
them, both while in storage and as they are delivered to 
the shop? We find this question answered in the descrip- 
tion of the perpetual inventory system. 

PERPETUAL INVENTORIES OF STORES 

The operation of a perpetual inventory of stores is best 
understood by study of the perpetual inventory record 
sheet, Figure 8. 
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At the top of this sheet there is a space for a descrip- 
tion of the article. The “Account No.” is used if stores 
are classified according to the departments which use 
them. For example, foundry materials and supplies may 
have one account number, while forge-shop materials and 
supphes have another. 


The space for “Symbol!” is filled in with either the num- 
ber or mnemonic identification mark of the piece. This 
symbol, abbreviation, or shop number is used on with- 
drawal orders, time tickets, and elsewhere, to save time 
and space. 

The “Low Limit” line shows the minimum stock to be 
carried. This amount and the “Quantity to Order” are 
filled in only when the use of the article is thoroly stand- 
ardized. Until then a rubber-stamp entry, “Report to 
Production Department,” is inserted. In fact, that pro- 
cedure should be followed whenever there is any possi- 
bility that a part is in a transitional or obsolescent stage. 

On the right-hand side of the sheet is shown the sec- 
tion of the storeroom and the bin in which it is located. 
Then comes the unit by which the article is measured or 
counted—pounds, feet, dozen, barrels, ete. 


The Entries in the Inventory Record. The stores ledger 
has usually five groups of columns: 
1. Goods ordered. 
2. Goods received. 
3. Goods reserved for orders. 
4. Goods issued. 
5. Goods available. 

The entries in the first set of columns are made from 
copies of purchase requisitions, and from the copy of the 
purchasing department orders. The entries relating to 
goods received are made from copies of receiving clerks’ 
reports, except the cost entries, which are taken from the 
purchase order or invoice. 

The entries relating to goods reserved for orders are 
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made from the material lists, whenever the amounts 
required on an order make this necessary. A material list 
may, for example, specify a few screws or rivets, which are 
stocked regularly in large quantities whenever the low 
limit is reached. It would evidently be unnecessary to 
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Figure 9. Materials-received report used by receiving department 
to report each consignment. 
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Figure 10. Credit memorandum covering items returned to storeroom. 
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reserve such items. Experience and good judgment must 
guide the planning department in its decision on whether 
or not to reserve such items for orders. 


Entries Relating to Goods Received. The receiving 
department should report on all materials received from 
the outside. Such reports sometimes include receipts 
from various sources on one form, and sometimes a sepa- 
rate sheet is prepared for each incoming consignment. 
The use of separate sheets is more flexible. One of these 
separate sheets is shown in Figure 9. 


This report is usually written in manifold, an auto- 
graphic register machine being frequently used. Usually 
one copy is kept on file in the receiving department; 
another is sent to the purchasing department; another to 
the stores-record department, so that the entry can be 
made on the inventory record; and sometimes another 
copy is sent to the production department. 

Another source of receipts is the material which the 
shop returns to the stores department; also the parts 
which the shop makes up on orders for parts to be 
stocked and stored. 

For material returned, a stores credit memorandum is 
issued, such as shown in Figure 10, and a somewhat simi- 
lar form is used for parts manufactured and stored. 


Entries Relating to Goods Issued. Goods are delivered 
from the storerooms when— 

1. Raw materials or finished parts are issued to the shop. 

2. Finished goods are shipped out by the shipping department. 

Figure 11 illustrates a form of withdrawal orders for 
material. 

In many well-organized shops, a series of these with- 
drawal orders for material are written in advance at the 
same time that the material list is prepared. They are 
then kept in a pocket of a large fiber-board portfolio 
designed to hold all the papers, drawings, lists, and other 
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documents which relate to a given order. A withdrawal 
ticket is then sent to the storeroom only when the shop 
is ready to use the goods. 





WITHDRAWAL ORDER FOR MATERIAL 
To Be Used for One Item Only 


Charge to Order No. Acct. No. Date 











Symbol | Description of Item Wanted | Quantity|Cost Unit} Amount 


a (eS 








Reserved Issued I authorize the withdrawal of this material 


Route Clerk 





Figure 11. Withdrawal order for materials issued from the storeroom. 


Notice, in the lower left-hand corner of the withdrawal 
order (Figure 11), that material which is issued for orders 
on which stock has been reserved is entered in a different 
column from that used for orders which were not reserved. 
The purpose is to determine accurately what part of the 
stock on hand is not reserved and is, therefore, available 
for future orders. 

Also notice, in Figure 8, that, in the case there shown, 
there were actually 43 parts on hand on January 23, but 
that the reservation for 50 parts, which had been made on 
January 21, left no stock on hand for future orders. 


Such a situation calls for attention on the part of the 
executive who is responsible for maintaining stores. He 
finds that 49 parts have not yet been delivered on an 
unfilled purchase order, and the purchasing department, 
at his suggestion, urges the supplier to deliver these 
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promptly. Were these in stock now, there would be 42 
parts available for future orders. A survey of the entire 
situation, however, shows him that another purchase 
order for 100 parts should be placed at once to make sure 
that production will not be delayed, and he puts in a 
requisition accordingly. 

It is evident that even with a carefully worked out per- 
petual inventory system, decisions regarding material 
supplies cannot be made mechanically, but that probable 
deliveries from suppliers, probable future orders originat- 
ing in the sales department, and other factors must be 
taken into consideration. It is well to remember that— 


Few, if any, of the responsibilities of management 
can be so systematized as to make executive de- 
cisions unnecessary. 


It is also well to remember, however, that executive 
decisions may be facilitated as to timeliness and accuracy 
by a system which automatically brings important facts 
to the executive’s attention, such as the facts which make 
necessary the immediate placing of a purchase order, as 
shown by an inventory record of the kind shown in 
Figure 8. 


The Current Unit Cost Column. Note, in Figure 8, the 
Current Unit Cost column. The price shown in it is 
that at which this material is charged to the current 
orders. Knowing the unit cost, the quantities shown can 
be readily converted into money values to give a basis 
for computing the value of the inventories at any time. 

The way in which the current unit cost price is com- 
puted and used, and the plan by which, thru it, the 
expense of maintaining the stores department is made 
part of the manufacturing cost, is fully explained in 
Appendix A, which is inserted in this manual following 
Executive Problem 36. 

How Materials Control Reduces Investment. The system 
by which materials are purchased and parts are manu- 
factured only when they have been specified on bills of 
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material, insures that little if any useless stock will be 
put into the storeroom. This system does not, however, 
serve to keep down the investment in stock to the very 
lowest point, for certain parts might be ordered some 
months before they are needed. 


On all standard parts, the purchasing and manufactur- 
ing can be based on the maximum number that may be 
needed during the time it takes to get or manufacture 
such parts. If we set such a figure as our low limit for 
stock, and order in moderate quantities as soon as that 
limit is reached, it is evident that our average investment 
in such stock will be held low. 


In setting the low limit, the experience and judgment 
of the production manager and the purchasing agent, as 
well as the stores manager, will be used in interpreting 
the facts shown on the perpetual inventory record; and 
the estimate on probable sales will also be required. Care 
should be taken that the low limit be not too low. We 
should remember that— 

Losses caused by production delays due to lack of 
material mount up far more rapidly than does the 


interest saved by maintaining a low stores invest- 
ment. 


The procedure outlined in preceding pages not only 
provides for the purchase of all material needed to com- 
plete an order in the promptest way possible; it also 
makes use of past experience and provides a store of 
standard parts always ready for immediate use. It also 
provides a plan by which parts which will soon be required 
can be reserved for certain uses. When well administered, 
with properly set low limits, the perpetual inventory 
system will as nearly as possible provide materials as 
fast as they are required. 


How Materials Control Safeguards Stores. Effective 
stores control not only includes well-organized storeroom 
equipment to protect the stores from injury or loss, but 
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also various checks which tend to prevent waste and 
losses. 

In the first place, the perpetual-inventory record calls 
for an exact statement on income and outgo. Nothing 
can be taken from stores without a proper withdrawal 
order. 

These withdrawal orders are checked against the mate- 
rial list which has been furnished the department for each 
production order, and no more goods are issued on one 
production order than are required to make up the goods 
it covers. 


As a further safeguard the withdrawal orders are often 
made out in the planning department at the same time 
that the material lists are prepared, and are then held 
until the material is scheduled to be used in production. 
A final safeguard is found in a check-up of the balance 
shown on the inventory card against the actual contents 
of the bins. 

The perpetual-inventory record is, as a rule, kept in 
the stores-record department. On the tag attached to 
each bin or rack, however, a record is usually kept of 
income, outgo, and present supply; and whenever the 
stock in a bin gets low, the contents are counted or 
measured, and are compared with the amount shown on 
the tag and on the perpetual-inventory card. In addition 
to the foregoing check-ups, a systematic actual count of 
all stores is often made at least once a year. 

Thus any discrepancies due to errors in keeping the 
records or in counting the stocks are being constantly 
checked up and corrected, and any thefts or other losses of 
stores are detected. 

Properly used, the inventory system outlined in pre- 
ceding pages will take care of stores with the same accu- 
racy as an efficient accountant takes care of the financial 
records of a business. 

An important reason why the perpetual-inventory rec- 
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ords are kept outside the storeroom is their value in case 
of fire. Such records when well kept up, give an exact 
list on which “proof of loss” by fire can be based. 


Shipping Finished Goods. Goods are withdrawn from 
the finished-goods storeroom on the authority of an order 
from the order clerk. Usually the finished-goods stock 
records are kept on inventory sheets similar to that shown 
as Figure 8, but without the complications introduced by 
reservations for given orders. A finished-goods stock 
record is shown as Figure 12. 











Figure 12. A finished-goods inventory ecard. A similar card is used 
to inventory supplies, stationery, ete. 


The shipping department receives the goods from 
stores, and packs and ships them to the consignee, usually 
on the authority of the same order form which released 
the goods from stores. 


The relations between the finished-goods stock room 
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and shipping department are always close and often the 
two departments are under one head. 

Reports from the shipping department are often made 
in quadruplicate on a form like that shown in Figure 13. 
One copy goes to the order department and another is 
filed in the shipping department, while two copies go to 
the billing clerk, who keeps one as his authority for bill- 
ing and forwards the other with the invoice to the con- 
signee. 

Under another routine, the order clerk sends triplicate 
copies of the shipping orders to the shipping department. 
The latter makes proper notations on all copies, keeps 
one for its own files, sends one to the order department, 
and the third to the billing clerk, together with a bill of 
lading or express receipt to forward with the invoice to 
the consignee. 


The Man in Charge of Stores. It has been necessary to 
describe control of materials apart from the executives 
in charge, because few organizations have one executive 
who is responsible for all phases of this work. The design- 
ing engineers are responsible for accurate and complete 
bills of material; the industrial engineer is responsible 
for well-designed storerooms; the order department and 





SHIPPING MEMORANDUM 














From Date_ 
To 
Order No. Car No. 
Vi ee ee ees es Packed by, 
No. Pkg. Contents Weight 





ee 








Figure 13. Memorandum of materials shipped. 
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the planning department are responsible for material lists 
and withdrawal orders; and the receiving and shipping 
departments also co-operate in the control of materials. 

The perpetual-inventory record may be handled by the 
accounting division in connection with the cost-account- 
ing system, or may be part of the planning-department 
records. 

Yet even with this varied distribution of responsibility, 
there remains the responsibility for actual handling of 
stores and for their safeguarding. This responsibility, 
involving supervision of considerable labor and clerical 
help in establishments of any size, makes the storekeeper 
an important executive. He must be painstaking regard- 
ing detail, thoroly acquainted with all his stores and the 
part they play in the manufacture of the goods, and able 
to manage the men under him, as well as to advise with 
his associates. 


Materials Control in Business. The perpetual-inventory 
system and many of the other procedures in the control 
of materials, may be applied in managing the stock rooms 
in nearly all kinds of businesses. A simple form of inven- 
tory card, similar to Figure 12, is often used. 

Purchasing department practise, as explained in Part I’ 
of this manual, is also adaptable in nearly all lines of 
business. 

The problems of purchasing and of stores, and the aims 
of these departments, are, fundamentally, the same in all 
business establishments. This is also true of the problem 
of planning the work. 

Altho scientific planning has been developed to its 
highest point of efficiency in large industrial organiza- 
tions, we shall see, as we analyze the practice and the 
principles applied in scientific planning as presented in 
Executive Manual 37, that smaller organizations of every 
kind can take advantage of the essential features of scien- 
tific planning. 


THE STORES DEPARTMENT 








The Purposes of Materials Control Are: 


A. To Safeguard the Materials in the Minimum of Space, ac- 


i 


2. 


complished by — 

Placing materials where they are easily accessible and 
properly protected against breakage, depreciation, and 
theft. 

Arranging width, height, depth, and shape of shelves, 
bins, or other storage devices; also aisles and mezzanines, 
to economize storage space. 

Planning ahead of requirements, so that expansion is 
possible. 


B. To Facilitate the Handling of Materials, accomplished by— 


L. 


2. 


3. 
4. 


5. 


Keeping materials which are stored in bins, in mevable 
containers. 

Keeping most frequently called for articles within easiest 
reach. 

Having storage places plainly marked. 

Moving stored goods with most efficient handling equip- 
ment. 

Having storage room near center of operations. 


C. To Keep Down Investment in Materials, accomplished by— 


i 


2. 


9 
oO. 


A system of checks and records, which prevents over- 
purchasing of some things and failure to purchase others. 
A perpetual-inventory system with “low limits,” which 
guides in purchasing standard materials only as fast as 
they will be used. 

A division and classification of inventory records, which 
calls attention to items that are little used and thus 
questions whether they should be stocked in the future. 


D. To Do Away with Serious Causes of Delay in Production, 


iL 


accomplished by— 

Providing facilities for receiving, recording, handling, 
and issuing materials, parts, tools, and supplies with 
minimum errors and with maximum convenience. 
Replenishment of those parts which have to be made up 
in the shop in such a manner as to make most econom- 
ical use of production facilities. 

Using a system of classification and symbols, which co- 
ordinates the purpose of the materials in the manufac- 
turing program with their location and quantity. 
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The following check-up on principles and Executive 
Problem 36 will strengthen our grasp of the essential 
features of efficient control of materials. Then we shall 
be prepared to analyze the functions, practice, and prin- 
ciples applied in a modern planning department. Con- 
trol thru planning, as described in Executive Manual 37, 
is extremely important in training for executive work. 
Every business has a planning problem. It is important 
to understand how this problem is solved by leading indus- 
trial organizations that apply scientific methods. 


CHECK-UP ON PRINCIPLES 
Use the following check-up to get the principles of this manual 
firmly fixed in mind. This will help you to handle the problem 
which follows. This check-up is entirely for your own personal 
use, so you need not send it in to the University. 





1. A certain purchasing agent was scrupulously hon- Check 
est. He had made it his policy, however, to encourage |Yes |No 
suppliers to offer him “personal commissions,” “pres- 
ents,’ ete., all of which he then turned over to his 
company. His idea was in this way to get the “best 
deal” for his firm. Was his reasoning sound? 


2. Is the saying “Let by-gones be by-gones’’ a safe 
motto for a purchasing agent to follow in his relations 
with his suppliers? 


3. A requires 300 tons of castings a month. He is 
considering three bids: B is lowest; C, $1 a ton higher; 
and D, $2 a ton higher. B, however, is unreliable in 
keeping his promises of delivery, and A anticipates a 
partial shutdown of eight hours a month, on the average, 
if B supplies the castings. C will try to keep his deliv- 
ery promises, but his furnace sometimes goes wrong 
and the resulting delays are likely to average four hours 
a month of partial shutdown. D’s delivery reputation 
warrants an expectation of an average shutdown of 
but two hours a month because of lack of promised 
castings. A’s cost accounting system shows him that 
these partial shutdowns cost some $800 per eight-hour 
day for idle time of men and equipment. If the quality 
is equally satisfactory, with whom should A place his 
OrdetcnmeD «(wie isla) [6] 


4. A manufacturer in one of the lake ports found 
that he could buy glass which was suitable for his 
requirements from a supplier across the lake at a lower 
price than a local manufacturer could quote. This was 
true only, however, when shipments were made by boat, 
the rail freight rate around the lake being considerably 
higher. In winter, boat transportation to this port is 
sometimes shut down for months. There are these 
alternatives: 

1. Each fall put in a three months’ reserve stock 
of glass. 
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2. Put in a one month’s reserve and pay high 
freight around the lake until navigation opens. 
3. Make a year’s contract with the local manu- 
facturer to supply one-third the requirements 
for nine months and the full requirements for 

the winter months. 
Have you enough data to select between these three 

plans? 


5. A manufacturing company foresees a rapid increase 
in demand for its product. So far as can be foreseen, 
the product will require no change in design or in the 
method of manufacture. Under these conditions, is the 
company justified in putting up a building specially 
designed for the present product, planning to put up 
similar units in the future as the demand increases? 


6. A butter manufacturer made a specialty of supply- 


ing print butter to his regular dealers in cartons which 
bore their names. Time and again the persons who 
packed the butter would have to stop in the midst of 
filling an order because not enough cartons with a given 
dealer’s name were ready. The production manager 
therefore recommends that butter be sold in standard 
cartons only. Is this the logical solution for this diffi- 
culty? 


Check 
Yes | No 





7. A company which manufactures a variety of prod- 
ucts has storerooms in different parts of the plant, each 
storing certain materials and supplies that are most 
needed in the adjacent departments. It is difficult for 
the foremen to locate supplies that are not frequently 
used, for almost all such items are carried in one store- 
room only. Can the loss of time in locating goods be 
obviated by applying one of the principles in this 
manual? 





Executive Problem 36 
WHAT’S THE BEST BUY? 


Purchasing Goods Efficiently 
Unver THE LAaSaute Proptem MetHop 


‘T ‘HE purchasing agent must be human to 

succeed. Even when he buys goods 
which can be rigidly specified and whose price 
can be figured to a penny, a broad vision and a 
penetrating understanding of human as well as 
economic factors are needed to select the most 
truly profitable sources of supply. 





Prepared by the Research and Consultation 
Staff of LaSalle Extension University from an 
interesting problem which it has carefully in- 
vestigated and analyzed, 





Executive Problem 36 
WHAT’S THE BEST BUY? 


A morning spent in the office of a busy purchasing 
agent is a profitable experience for every business man. 
As he sees the salesmen interviewing the purchasing 
agent, he gets many a revealing glimpse into the causes 
of success and failure in salesmanship. He also gets a 
renewed vision of the multifarious needs of even a small 
industry, as requisitions for pencils, coal, and sweeping 
compound pass over the purchasing agent’s desk, along 
with contracts for telephone service and fire-insurance 
inspection. He probably will be impressed most of all 
by the fact that purchasing decisions are—most of them 
—not a matter of mathematics so much as a careful 
weighing of very many factors. 

You are to spend a little time in a purchasing agent’s 
office to-day to observe his work, and you are to have 
the further privilege of telling how you would decide 
some of the questions that each day brings to him. 

Your Company. You are for the day associated with 
the Murphy Manufacturing Company. It makes quite 
a wide line of conveying devices which are used in all 
sorts of businesses. The purchasing agent, Mr. Erskine, 
has contributed much to his company’s prosperity by 
being wide awake to every factor under his observation 
which might contribute to the company’s profits. The 
management has learned to respect his judgment highly 
and has given him wide authority. 

Purchasing Lubricating Oil. The Murphy Manufac- 
turing Company some months ago decided to standardize 
on the Rayol Company’s lubricating oils. This decision 
was made only after the works manager and the pur: 
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chasing agent had been convinced that this supplier could take 
care of all their lubricating requirements. The supplier has a local 
distributing branch so that an ample supply of all lubricants will 
always be at hand. By concentrating the purchases with this one 
supplier, the company makes a rather substantial price saving. 
The stores problem also is made much simpler, since fewer kinds 
of oil need be carried in stock. 


Two weeks ago the purchasing agent received from the stores 
department a requisition for four barrels of C grade Mayne oil— 
oil made by a distant refinery which has no distributing warehouse 
within 500 miles. A little investigation has disclosed that the fore- 
man of department D is insisting he must have this oil to lubricate 
a battery of high-speed machines used in his department. This 
oil had been recommended by the manufacturer of the machines, 
and has proved very satisfactory. The foreman believes that no 
other oil can take its place. 


Mr. Erskine put this problem up to the salesman of the Rayol 
Company, and has learned that by mixing two gallons of Rayol F 
with one gallon of Rayol G, both of which the Murphy Manufactur- 
ing Company carries in stock constantly, a lubricant is obtained 
almost identical in viscosity and filming power to that of Mayne 
C grade oil. The Rayol Company recommends for these machines, 
however, a blend of half F and half G as being even better suited 
to this particular service. ‘ 


The works manager has been consulted and is willing to try out 
the Rayol blend. He has authorized a cancellation of the purchase 
requisition. The department foreman, however, still protests vig- 
orously that he needs Mayne oil for these machines. Mr. Erskine 
knows well that satisfaction in the use of a lubricant, and of almost 
everything else for that matter, depends in part on the confidence 
of the user. In order to convince this very skeptical foreman that 
he would get equivalent lubrication from Rayol oils, Mr. Erskine 
has sent samples of the C grade Mayne oil and of the Rayol 
blend to the state university testing laboratory. This morning’s 
mail has brought a detailed result of the laboratory’s test, with the 
general conclusion that both samples have practically the same 
characteristics for use in these high-speed machines. 


Investigation shows that during the past year some twelve bar- 
rels of the Mayne oil have been ordered. It will cost but $48 a 
year more to purchase this oil for these machines. Will it pay to 
insist on a standardization of lubricants to such an extent as is 
likely somewhat to antagonize the foreman who has requisitioned 
this oil? How would you handle this situation? 


Purchasing Lumber. Just before a decision is reached on the oil 


EXECUTIVE PROBLEM 36 55 


question, the card of Mr. Dennis, salesman for the Brown Lumber 
Company, is laid on Mr. Erskine’s desk. His coming makes pos- 
sible a decision on another question that has been pending for 
some weeks. 


The Murphy Manufacturing Company uses considerable lumber 
in making and crating its conveyors. About one-third of this has 
been purchased thru the Brown Company; the relations between 
the two companies have been very satisfactory. 


Mr. Erskine has in the past found it most profitable to purchase 
. lumber in standard lengths and sizes. It was then cut to the 
required sizes in the company’s shop. Mr. Dennis recently sug- 
gested that an investigation be made of the cost of cutting good, 
clear 2-inch stock down to the sizes which the plant needs in 
making up 11-inch and 134-inch rollers of various lengths, of which 
a great many are required in the outfits the company manufactures. 
He suggested that considerable saving could be made by buying 
2-inch squared stock cut to required lengths, all kiln dried and 
ready to turn. (His company has odd-sized stock which can be 
worked up to advantage in this way.) 


This investigation was made and has shown that 15 per cent 
of the lumber purchased goes into these rollers. It has shown also 
an unexpectedly large loss in preparing the stock for the rollers 
from the rough lumber—a loss which cannot be avoided, since the 
rollers have to be of certain exact lengths and clear of all knots. 


When this report was made, Mr. Dennis expected an order for 
squared stock at a price which would show his company a trifle 
more than its usual per cent of profit. Mr. Erskine, however, sent 
out specifications for his company’s squared-stock requirements 
and has received a price from a dealer in a distant city which is 
$3 per thousand feet under the Brown price, with freight allowed 
to destination. This supplier is as well rated as the Brown Lumber 
Company and has an excellent reputation in the trade. The lum- 
ber that he offers is not exactly the same as that offered by the 
Brown Company, for the bid specified that some would run a 
little under the standard 2-inch stock dimensions. He stated in his 
bid that this is not a disadvantage, since the Murphy Company’s 
14-inch rollers can, as a matter of fact, be turned more easily from 
the smaller stock than from the full-sized stock. 


The lumber of both suppliers is guaranteed to be clear and to be 
of equal quality from a manufacturing standpoint. 


Mr. Dennis has been following the situation closely. He knows 
that bids from other dealers are being investigated. He has come 
to the Murphy Manufacturing Company to make a last appeal 
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and, as he told Mr. Brown, his employer, “to get that order which 
the Murphy people owe me.” 

When Mr. Dennis comes in, Mr. Erskine asks him if he has 
named his best price. “Absolutely!” is the reply. He senses 
that Mr. Erskine must have a lower price and at once proceeds 
with a vigorous sales talk in which he makes much of the following 
points: 

1. His company has always treated the Murphy Manufacturing 
Company right. In giving him this business, Mr. Erskine will be 
certain that the orders will be filled according to the spirit as well 
as to the letter of the specification. To this Mr. Erskine nods his- 
head in assent. 

2. The Brown Lumber Company is located in the same city. 
It always has large stocks of lumber, and should an emergency arise 
so that it is out of 2-inch squared stock, the Brown Lumber Com- 
pany can and will cut 2-inch lumber down to this specification. 
In doing business with the Brown Lumber Company, therefore, 
the certainty of supply is assured. To this also Mr. Erskine assents. 


3. The quality of the lumber supplied by the Brown Company 
is that which goes into fine furniture and interior trim. It is always 
full dimensioned, for the Brown Company supplies a trade which 
calls for nothing but standard thicknesses of lumber. Mr. Dennis 
makes the most of this point, for he knows that other lumber dealers 
sell to a trade which does not require full-dimensioned 2-inch stock. 
He knows he is giving the Murphy Manufacturing Company its 
money’s worth and he wants Mr. Erskine to realize this also. 


4. Finally Mr. Dennis points out tactfully, so as to give no 
occasion for offense, that it was he who made the suggestion of 
using squared stock—a suggestion which will save the Murphy Manu- 
facturing Company considerable money—some $700 a year. He 
tells his story in such a way that the purchasing agent cannot for- 
get that the Brown Company probably would have continued to 
supply the Murphy Company with 2-inch lumber to be used for 
making rollers had this suggestion not been made. He shows clearly 
that he will consider it an injustice if this suggestion is used, if it 
results in a loss instead of a gain in business for the Brown Lumber 
Company. All this, however, is done so tactfully as to give Mr. 
Erskine no cause for offense. 


What will Mr. Erskine decide to do? The saving in buying from 
the distant lumber company will amount to several hundred dollars 
a year, since several carloads of this squared stock will be required. 
To offset this cash advantage are the arguments which Mr. Dennis 
has so well presented. Should the purchasing agent give the Brown 
Lumber Company this business? 


Appendix A 
HOW UNIT PRICES ARE COMPUTED 


If prices never changed and the expense of buying and storing goods 
was negligible, it would be a simple problem to compute current unit 
costs for each item carried in stock, for use in “pricing” the inventories 
and in computing the cost of the manufactured goods. 

The prices paid for material are constantly changing, however. More- 
over, the expense of purchasing, of transportation, and of receiving, 
storing, insuring, and handling materials is very substantial and must 
be recognized as contributing to the cost of goods. 

In the following paragraphs we will show how these variations and 
additions can be accurately reflected in the current unit costs, considering 
first the additions that must be made to cover expenses. 

The freight, express, or similar charges are as a rule added direct 
to the invoice cost to make the prices f. 0. b. factory. This is not 
always practical, for many items may come in one shipment, so that 
it may be difficult even to estimate the freight on each. All transporta- 
tion charges which cannot be added direct are distributed with the 
other charges included in the material burden. 

The Material Burden. The sum total of all these charges—undis- 
tributed transportation (if any), purchasing, receiving, insurance, and 
stores expenses—for, say, a year, is divided by the total amount pur- 
chased during this period. This gives the ratio which the expense of 
buying and handling materials bears to the total invoice price, a ratio 
which is expressed as a per cent of the invoice price. For example, 
suppose the expenses amount to $6,000 during a six-month period, and 
the purchases for the same period are invoiced at $200,000, including 
freight. Dividing 6,000 by 200,000, we get .03 or 3 per cent. 

This percentage is called the material-burden rate. The burden 
worked out from last year’s experience may be used to estimate this 
year’s burden very closely. This per cent is then added to the cost of 
all goods received to get the total cost which these goods stand us. 

This procedure is recognized among accountants and appraisers as 
not only legitimate but correct, inasmuch as inward freight and the cost 
of buying, receiving, and storing material increase the replacement 
value of material. In a going concern the fact that goods are on hand 
ready for manufacture is a real asset, and the expense involved in 
getting the goods is a real addition to their value, while if these expenses 
are charged to general expense accounts, we are actually undervaluing 
our stores. 

In some industries, goods of extremely varied kinds are needed. 
Then material-burden rates must be computed for the different classes 
of goods. A company making electrical machinery may need con- 
siderable silver wire for brazing, and also bulky cotton sleeving for 
insulation. To handle and store $100 worth of cotton sleeving may 
cost ten times as much as to buy and store $100 worth of silver wire. 
In such a case the per cent of burden should be computed separately 
for such expensive goods as silver and such bulky goods as cotton 
insulation. 

In computing unit prices, it is usually necessary to figure to four 
significant figures to get the necessary accuracy. Copper wire, for 
example, may be invoiced at $.24 per pound; the freight may add $.52 
per ewt., or $.0052 per pound; while a material burden of 2.3 per cent 
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is expressed with fair accuracy as $.0055 per pound. This copper wire 
should then be inventoried at a unit cost price of $.2507 per pound. 

How to Average Varying Cost. Suppose we start the year with 
800 tons of foundry pig iron on hand which cost $20 a ton, including 
the material burden. Suppose during January we buy 300 tons at 
$19.50, later 200 tons at $20.25, and finally 300 tons at $21. Suppose 
we have used 1,000 tons during the month, some from one lot, some 
from another, just as came handiest to the foundry foreman. At what 
price for pig shall we “cost” the January castings? What shall be done 
about February? 

There are two general methods. In one, accurate account is kept of 
the amounts made from the different-priced materials. The first 800 
tons of castings turned out during January would be considered as 
made up out of the $20-per-ton stock and “costed” accordingly. The 
remainder of the January castings (200 tons) would be considered as 
made out of the $19.50 stock. 

In February the first 100 tons of castings made would be costed at 
$19.50, the next 200 tons at $20.25, etc. 

When prices change rarely, this method is not difficult to apply. A 
unit price is established for each lot received. For purposes of account- 
ing, material is considered as being issued in the order of its receipt. 
After a lot carried at one price is exhausted, the unit price which applies 
to the next lot is used until it too is exhausted. Often this means that 
material for one order is priced at two unit prices. 

This plan permits very close balancing of accounts between stores 
inventory, the stores charges on shop requisitions, and the purchase 
records. 

Under the above plan, however, when prices fluctuate, often it not 
only becomes difficult to keep track of the amounts of material that 
should be charged out at different unit prices, and to compute all these 
prices, but the costs of the finished goods cannot be compared fairly 
since to-day’s goods may be made out of a batch of high-cost material 
and to-morrow’s out of a lot bought at bargain prices. Various plans 
of averaging prices so as to use one unit price for at least a month 
seek to overcome these difficulties. 

In one of the best plans the average unit cost each month is based 
on the purchases for as many months back as materials are purchased 
ahead of use. For example, if the usual stock on hand and on order 
averages a two months’ supply, the purchases for the preceding two 
months are considered in arriving at each month’s unit price. When, 
however, as in the example we have here, the stock carried on hand 
averages one month’s supply or less, only the preceding month’s pur- 
chases are considered. 

In this example, then, during January, castings would be costed at 
$20 a ton—the average December price. During January 800 tons were 
purchased for a total of $16,200, or an average of $20.25 a ton, and 
this would be the price at which February castings would be costed. 

Tt will be seen that under this plan the price at which the material 
is charged against orders is just about the average price that was paid 
for it, and this price keeps in step with the trend of the market. 

When market price changes so much that the unit cost prices are 
seriously at variance with present values, as is often the case when 
prices drop rapidly during a period of deflation, the inventory values 
are adjusted to the actual value by charging the difference to the profit 
and loss account. 
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